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THE administration of massive doses of estrogens to monkeys has 
been demonstrated to produce squamous metaplasia of the endo- 
cervical mucosa and cystic hyperplasia of the endometrium. The 
present report is made to direct attention to the fact that estrogenic 
stimulation of this magnitude can induce excellent proliferative 
activity of endometrial glands and stroma without proliferation of 
endometrial coiled arterioles. In addition, further observations in 
reference to cervical epidermidization and endometrial hyperplasia 
have been made. 


OBSERVATIONS 


Six rhesus monkeys (Macaca mulatta) were given 25,000 I.U. of 
Amniotin? a day from February 11 through March 8 with the excep- 
tion of No. 182 which was treated through March 4 only. They were 
all mature female castrates, resident in the colony of the Department 
of Embryology for several years. They had been employed during the 
previous six months in a series of estrogen and estrogen-progesterone 
withdrawal studies, in the course of which they demonstrated the 
expected patterns of menstruation-like bleeding. 

Animal No. 182 was found moribund on March 5, and it was 
therefore killed. At autopsy no gross abnormalities were found. The 
reproductive organs were removed en bloc and fixed in formalin. 
Histologic sections were studied with the following findings. 

Bladder and urethra: considerable cornification of the mucosa at 
the urethral orifice. 

Received for publication June 2, 1948. 

1 Present address: Sinai Hospital, Baltimore 5, Md. 

2 The Amniotin in oil (50,000 I.U. perec.) was generously supplied by E. R. Squibb 
and Sons. 
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Vagina: deeply cornified. 

Cervix: there is epidermidization of the apices of several endo- 
cervical glands and a patch of squamous metaplasia in the midpor- 
tion of the cervical canal. These areas contrast sharply with the nor- 
mal columnar ‘‘picket”’ epithelium, as can be seen in Fig. 1. 

Uterus: there is a good response of the stroma and glands, corre- 
sponding to rhesus endometrium of about the 12th day of a 28-day 
cycle, without any evidence of hyperplastic activity. Only one coiled 
arteriole is found in a large number of serial sections of the entire 
fundus and this manifests little proliferative activity. The other two 
arterioles found are of the basal arteriole type. These features may be 
seen in Fig. 2. 

The remaining five animals withstood the series of injections 
without disturbance of health. Each also developed a bright red sex 
skin without any remarkable excess in the amount of vaginal desqua- 
mation. The pattern of withdrawal bleeding is indicated in Table I. 


TABLE 1. UTERINE BLEEDING IN FIVE CASTRATE RHESUS MONKEYS GIVEN 
25,000 I.U. OF AMNIOTIN IN OIL DAILY FOR 26 DAYS 
(Feb. 11—Mar. 8) 


Dates Time from withdrawal 
xia to bleeding 





No. 611 Mar. 15-20 7 days 
No. 723 Mar. 16-22 8 
No. 726 Mar. 15-19 7 
No. 749 Mar. 17-19 9 
No. 754 Mar. 14-20 6 








Two intact rhesus monkeys were given 50,000 I.U. of Amniotin 
a day from May 12 to June 10, except on the four intervening Sun- 
days, a total of 26 days. 

Animal No. 144 had had cyclic bleeding throughout the preceding 
winter and spring. It did not manifest withdrawal bleeding in the 
twenty days following termination of the series of injections. 

Animal No. 166, in the 1946-47 season, had bled starting Nov- 
ember 21, December 18, January 11, January 31 and May 1. On May 
9 it was noted to have an upper abdominal mass. On June 11 the 
animal was killed and autopsy revealed no gross abnormalities except 
for the mass, which was the liver. This organ, which weighed 950 
gms., was the site of an atypical type of amyloid infiltration. The 
microscopic findings in the lower urinary and the reproductive organs 
were as follows: 

Bladder, urethra and vagina: identical with the findings in No. 
182. 

Cervix: there is a most extensive epidermidization of the endo- 
cervical mucosa, in some cases involving entire glands, with sheets 
of squamous epithelium in the endocervical canal, undermining and 
replacing the ‘‘picket”’ epithelium. This may be seen in Fig. 3. 
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Uterus: there is a follicular response similar to that of No. 182. 
Study of numerous sections of the entire fundus fails to reveal any 
coiled arterioles. 


DISCUSSION 


Since the striking demonstration of the cyclic alterations of the 
endometrial coiled arterioles of the rhesus monkey by Daron (1936), 
it has been assumed by most students of menstruation that growth 


Fia. 1. Endocervical canal from the mid-cervix of No. 182. Hematoxylin and eosin 
preparation X150. Normal ‘‘picket’’ epithelium is replaced at the right by a sheet of 
squamous cells. In the lower center the apices of two glands are replaced by squamous 
cells, 
and differentiation of these vessels is always coordinated with the 
growth and differentiation of the endometrial glands and stroma. 
The studies of Markee (1940) and Kaiser (1947a) indicate that this 
is indeed the case in the normally menstruating intact animal. There 
has, however, been no detailed study of the appearance of endome- 
trial coiled arterioles in animals with menstrual abnormalities or in 
castrated animals subjected to hormonal stimulation. Phelps (1947), 
making observations on intraocular endometrial transplants in cas- 
trated animals, has recently reported that the pattern of arteriolar 
growth response to hormone stimulation is significantly affected by 
the previous hormonal experience of the animal. 
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Fig. 2. The mucosa of the entire fundus uteri of No. 182 is enlarged 15 X. The only 
arterioles found are inked in for emphasis and indicated by arrows. One of these, at 
the lower left, is a poorly developed endometrial coiled arteriole. The other two are 
basal arterioles. 


Fig. 3. Endocervical canal from the mid-cervix of No. 166. Hematoxylin and eosin 
preparation X150. The squamous metaplasia is most extensive. 
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In the present experiments with massive estrogen administration, 
an excellent proliferative response of endometrial glands and stroma 
has been observed, while the absence of coiled arterioles contrasts 
strikingly with their abundance in normally menstruating animals 
with similar glands and stroma. In such animals, several arteriolar 
fields, each representing the coils of a single arteriole, are to be found 
in any section of the entire fundus uteri or an equivalent area of the 
endometrium. Furthermore, in this stage of proliferative activity the 
arteriolar fields are large and complex and the vessels show evidence 
of rapid growth (Kaiser 1947a). In a large number of serial sections 
of the entire fundus uteri of the two animals studied here, only one 
poorly developed coiled arteriole was found. It is not possible to state 
with certainty whether this represents a failure to respond to the 
hormonal stimulus or a toxic effect of the massive doses employed, 
since there is no way of knowing the arteriolar patterns of these ani- 
mals prior to the experiment. The absence of any other evidence of 
toxicity makes it appear more likely that this represents a failure of 
the vessels to respond during an excellent response of glands and 
stroma. 

Hormone withdrawal bleeding occurred in the five castrates after 
an interval of six to nine days, averaging seven days. Rhesus monkeys 
given estrogens in much smaller amounts usually bleed after an inter- 
val of five days. This lag of 2 days may be due to depots of oil left in 
the animals’ legs by a regime of 3 cc. of oil administered intramuscu- 
larly each day for 26 days. The occurrence of bleeding in animals given 
hormone stimulation identical with that of the animal found to have 
virtually no endometrial coiled arterioles is suggestive evidence that 
these vessels are not essential for uterine bleeding. Menstruation in 
the absence of coile arterioles has been observed in intact New World 
monkeys (Kaiser 1947b). The significance of its apparent occurrence 
in castrate rhesus monkeys has been discussed elsewhere.* 

Squamous metaplasia of the endocervical epithelium is a common 
finding in castrated rhesus monkeys treated with estrogens, especially 
those which have received large doses. In the normal animal there 
may be an upward extension of the squamous epithelium of the por- 
tion vaginalis which simulates squamous metaplasia, but this does not 
involve the apices of the endocervical glands (Hisaw and Lendrum 
1936, Zuckerman 1938). The production of epidermidization has 
been reported following such low doses of estrogens as 41.5 R.U. a 
day for 26 days (Hisaw and Lendrum 1936) and even 60 I.U. a day for 
21 to 61 days (Migliavacca 1937). It has however been more com- 
monly found after large or massive doses (Overholser and Allen 
1933, 1935, Engle and Smith 1935, Zuckerman 1937a, Hartman, 
Geschickter and Speert 1941, and Vargas 1943). There appears to be 
some relationship between size of dose and duration of administration 





3 Kaiser, I. H.: Newer Concepts of Menstruation. Am. J. Obs. Gyn. In press. 
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for the production of this process, but the series reported are too 
scattered in regard to dose and duration to allow definite conclusions. 
It may be reiterated that Overholser and Allen’s early suggestion that 
these changes are precancerous has not been confirmed. 

Cystic dilatation of the glands of the endometrium has been ob- 
served in rhesus monkeys only after prolonged administration of 
large doses of estrogens (Zuckerman 1937b, Hartman, Geschickter 
and Speert 1941, Cleveland, Phelps and Burch 1941 and Vargas 1943). 
It did not occur in the present experiments despite the use of massive 
doses, perhaps because of the relatively brief period of administra- 
tion. Zuckerman and Morse (1935) reported cystic endometrial 
hyperplasia in a chimpanzee and a mangabey after similarly brief 
periods, but in the rhesus monkey months of treatment are evidently 
required for its production. 


SUMMARY 


Administration of massive doses of estrogens to castrate rhesus 
monkeys results in withdrawal bleeding of 3 to 7 days’ duration 
after an interval of 6 to 9 days. Microscopic study of the uteri of one 
castrate and one intact animal, each killed after four weeks of injec- 
tions, revealed squamous metaplasia of the endocervix but no cystic 
hyperplasia of the endometrium. There was an excellent proliferative 
development of endometrial glands and stroma but virtual absence 
of endometrial coiled arterioles. This dissociation of the growth of 


these vessels from the growth of the glands and stroma suggests that 
uterine bleeding can occur in the absence of coiled arterioles in the 
rhesus monkey as it does in the New World monkeys. 
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THE EFFECT OF ALTERED SODIUM OR POTAS- 
SIUM INTAKE ON THE WIDTH AND CYTO- 
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THE cortex of the rat’s adrenal gland is divided morphologically 
into three major zones. The appearance of the cells and the width of 
the outer two zones, the glomerulosa and fasciculata, can be altered 
in different physiological states. Thus, the zona fasciculata enlarges 
and its cells appear active in conditions eliciting an increased produc- 
tion of adrenotropin, which stimulates the release of the cortical 
“sugar” factors. On the other hand, this zone shrinks and becomes 
inactive after hypophysectomy. Either change may occur without 
apparent alteration in the activity of the glomerulosa (Deane and 
McKibbin, 1946; Deane and Greep, 1946). The present paper will 
describe experiments indicating that the outer zone, the glomerulosa, 
undergoes morphological and cytochemical changes in physiological 
states that involve disturbance of the electrolyte balance of the body. 
These changes may occur without any demonstrable alteration of 
the fasciculata. Moreover, they develop in hypophysectomized as 
well as in intact rats. 

The results of two different physiological experiments have led 
to the hypothesis that, in the rat at least, the zona glomerulosa pro- 
duces salt-regulating hormones of the 11-desoxycorticosterone type. 
In the first place, the prolonged administration of desoxycorticoster- 
one acetate causes shrinkage and inactivity of the glomerulosa (Sara- 
son, 1943; Greep and Deane, 1947). This observation suggests that 
disuse atrophy overtakes the zone when its normal product is replaced 
by the injected hormone. Secondly, adrenalectomized rats lose sodium 
chloride rapidly through the kidneys, whereas hypophysectomized 
rats are more nearly normal in this respect. Thus it would seem that 
the salt-regulating activity of the adrenal is relatively unchanged by 
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hypophysectomy. Since the glomerulosa remains intact and appar- 
ently active following the operation (Sarason, 1943; Deane and Greep, 
1946), it is reasonable to assume that this zone produces salt-retaining 
hormones of the desoxycorticosterone type and that it is regulated, 
at least in part, by an extra-pituitary agent. 

If the zona glomerulosa in the rat produces desoxycorticosteroids 
in response to an extra-pituitary stimulus, changes in its activity 
should accompany situations in which the demand for desoxycortico- 
steroids was altered, either in intact or hypophysectomized animals. 
Altered demand for these hormones would be expected to follow 
changes in the normally high sodium: potassium ratio in the blood 
stream, since their major function is the maintenance of the normal 
relation by regulating sodium retention and potassium excretion 
(Swingle and Remington, 1944). Three deductions have been drawn 
from this hypothesis. 

(1) Increased demand for desoxycorticosteroids should follow a 
decrease in the sodium: potassium ratio. Two ready means of lowering 
this ratio exist: (a) When the animal is fed a diet virtually lacking in 
sodium, blood sodium falls, while blood potassium increases slightly 
(Turpeinen, 1938) ; (b) when the animal is injected with large amounts 
of potassium chloride, blood potassium rises acutely and blood sodium 
drops somewhat (Miller and Darrow, 1940). 

(2) If the sodium: potassium ratio of the blood were elevated, the 
demand for this type of hormone should be lowered. (a) One method 
for lowering the level of blood potassium, while leaving blood sodium 
unaffected, is to feed the animal a diet containing less than 0.01 per 
cent potassium (Heppel, 1939; Darrow and Miller, 1942). (b) This 
electrolyte shift may also be accomplished by the administration of 
desoxycorticosterone acetate, which reduces the potassium level in 
the blood acutely and raises the sodium level slightly (Darrow and 
Miller, 1942). 

(3) In addition, it might be predicted that the administration of 
adequate quantities of desoxycorticosterone would protect the animal 
from a fall in the sodium:potassium ratio produced either by a low 
sodium diet or by potassium injection, since this hormone promotes 
sodium retention and potassium excretion by the kidney. If such 
protection occurred, little or no stimulation to the glomerulosa should 
follow. 

Experiments to test these deductions have been performed on 
intact and hypophysectomized rats, and the observed changes in the 
zona glomerulosa of the adrenal cortex are set forth below. A review 
of the literature has revealed only a few observations on the adrenal 
cortices of rats whose sodium or potassium intake was abnormal. 
Sarason (1943) observed no morphological or cytochemical changes 
in the cortices of rats fed a potassium-deficient diet for a month. 
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Orent-Keiles, Robinson and McCollum (1937) commented that the 
adrenal glands appeared hemorrhagic in rats dying after 18-21 weeks 
on a diet severely deficient in sodium. However, they made no histo- 
logical examination of this organ. 


MATERIAL AND METHODS 


The rats used in the following experiments were young males of the Long- 
Evans strain. They had been raised in our laboratory and fed Purina fox 
chow after weaning. Before and during the experiments they were supplied 
with tap water ad libitum. Boston water contains 0.3 mg. sodium and 0.2 mg. 
potassium per 100 cc. (Research Lab., Mead, Johnson). 


Experimental Plan 


(1) Rats fed dicts deficient in sodium, in potassium, or in sodium and 
potassium. To observe the effects of sodium and potassium deficiencies on 
the glomerulosa, rats weighing approximately 150 grams were fed purified 
diets deficient in sodium, potassium, or both sodium and potassium. The 
composition of the basic purified ration has been described previously 
(Deane and Shaw, 1947), and the various modifications of the salt mixture 
that were used are listed in Table 1. Six rats were fed the diet deficient in 
sodium (Diet A), containing only 0.004 per cent sodium.? Six were fed the 
diet deficient in potassium (Diet B), containing 0.005 per cent potassium. 
Six were fed the diet deficient in both of these electrolytes (Diet C), con- 
taining 0.004 per cent sodium and 0.005 per cent potassium. Six control 
rats were fed the purified diet containing the usual amounts of sodium and 
potassium (Diet D). One rat from each of the four groups was killed at 8, 
14, 22, 30, 38 and 70 days after the beginning of the experiment. 

(2) Hypophysectomized rats fed dict deficient in sodium. To determine the 
role of the pituitary in the response of the glomerulosa to sodium deficiency, 
rats which had been totally hypophysectomized for 2 weeks were transferred 
to Diet A (Table 1). Controls consisted of operated animals that were fed 
the complete purified diet (Diet D). The rats weighed approximately 125 
grams before hypophysectomy and, at the time of the beginning of the die- 
tary experiment, 100 grams. Two sodium-deficient animals were killed after 
2 weeks and three after 4 weeks. One operated animal on the control diet 
was killed at the end of 4 weeks. 

(3) Rats injected with potassium chloride. To learn the effects of toxic 
doses of potassium on glomerulosal activity, rats were given intraperitoneal 
injections of a 5 per cent solution of potassium chloride. The dose selected 
was 55 mg. per 100 g. body weight, slightly below the MLD determined by 
Truszkowski and Duszynska (1940) and Emmens and Marks (1942). Ten 
rats weighing about 125 grams were given a single injection. Two died 
shortly thereafter. The eight survivors were autopsied at 2, 4, 6 (2 rats), 
8, 10, 12 and 18 hours after injection. Two other rats were given two injec- 

2? The sodium and potassium contents of the diets were kindly measured by Dr. 
Robert E. Olson, Department of Nutrition, Harvard School of Public Health. After 
wet digestion of the mixture, determinations were made on a Perkin-Elmer flame vho- 
tometer with an internal lithium standard, 
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tions of 55 mg. per cent 12 hours apart, and the one survivor was killed 12 
hours after the second injection. 

To learn whether the repeated administration of smaller and less toxic 
doses of potassium chloride would affect the adrenal, three rats were in- 
jected four times with 20 mg. per 100 g. at 2-hour intervals. One rat died 
immediately after the fourth injection (6 hours) and was autopsied. The 
other two were killed 24 hours after the first injection. 

(4) Rats fed diet lacking sodium and injected with desoxycorticosterone 
acetate. To determine whether the administration of desoxycortjcosterone 
would protect the adrenal cortex from the effects of sodium deficiency, 
four young rats weighing about 50 grams were fed Diet A (Table 1) and 


TABLE 1. COMPOSITION OF DIETS 


Basal diet g. 
Sucrose 670 
Casein (SMA) 240 
Corn oil 50 
Vitamin mixture*” 
Basal salt mixture 30 
Basal salt mixture for ration 

Mono-calecium ortho-phosphate 

Calcium chloride, anhydrous 

Magnesium sulfate, anhydrous 

Ferric citrate 

Manganous sulfate, anhydrous 

Zine chloride, anhydrous 

Cupric sulfate, anhydrous 

Potassium iodide 

Cobaltous sulfate 


Additional salts in the four diets 

Diet A (sodium-deficient) 

Potassium carbonate 
Diet B (potassium-deficient) 

Sodium carbonate 
Diet C (sodium and potassium-deficient) 

nothing 
Diet D (complete) 

Potassium carbonate 

Sodium carbonate 


508 
wWarRoOSsoooo 


® Deane and Shaw (1947) 
>» We are indebted to Merck and Co., Inc., Rahway, N. J., for the crystalline 
vitamins used in these diets. 


injected daily with 2 mg. desoxycorticosterone acetate in sesame oil (Per- 
corten, Ciba*). This dose produces involution of the glomerulosa in animals 
receiving a normal diet (Greep and Deane, 1947). Two of these rats were 
killed after 2 weeks of treatment and two after 4 weeks. As controls, two 
rats were fed Diet A only, and two rats receiving 2 mg. desoxycorticosterone 
daily were fed the complete diet (Diet D). One control of each type was 
killed at 2 weeks and at 4 weeks after beginning the experiment. 

Additional control animals for the last three experiments consisted of 
intact rats fed Purina fox chow. 

‘The Pereorten was generously supplied by the Ciba Pharmaceutical Products, 
Inc., Summit, N. J., through the courtesy of Dr. E. Oppenheimer. 
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Histological Procedures 

All of the rats were killed by a blow on the head. The paired adrenal 
glands and the thymus gland were carefully dissected and weighed on a 
Roller-Smith torsion balance. In the last three experiments the paired kid- 
neys were weighed as well, since an increase in kidney size with potassium 
deficiency had been noted in the first one. 

One adrenal from each rat was fixed in 10 per cent neutralized formalin. 
After fixation for at least 48 hours, it was washed in running tap water for 
an hour, then sectioned on the freezing microtome at 15u. One section was 
stained with sudan IV and Harris’ hematoxylin, another with sudan black 
B and a third by the Schiff plasmal method; these were all mounted in 
glycerin jelly. Two additional sections were mounted unstained in glycerin— 
one was untreated, and the other was extracted with acetone at room tem- 
perature for one-half hour. The latter two sections were compared under 
the polarizing and the fluorescence microscopes for the presence of acetone- 
soluble substances showing birefringence and greenish-white autofluores- 
cence. Any acetone-soluble, sudanophilic droplet that was also Schiff-posi- 
tive, autofluorescent and birefringent was assumed to contain ketosteroids, 
since no other single substance is known to react positively to all of these 
tests (Dempsey and Wislocki, 1946). These reactions presumably occur in 
the sites of formation of the adrenal hormones, which fall into the class of 
ketosteroids. 

Variations in the width of the zona glomerulosa were noted following the 
various experimental procedures. Measurements of this zone were made on 
photomicrographs of the sections. These measurements have been converted 
to micra and are incorporated in the descriptions. Since the variations are 
readily detectable in the illustrations and were consistent among the ani- 
mals in each group, no attempt was made to take sufficient measurements to 
treat them statistically. Rather, these data are included to permit ready 
comparison of zone-width following the various experimental procedures. 


RESULTS 


1. Intact rats fed diets deficient in sodium, in potassium, or in 
sodium and potassium. The rats fed the complete purified diet (Diet 
D) gained weight steadily, whereas the rats fed the diets deficient in 
either sodium (Diet A) or potassium (Diet B) gained weight slowly, 
and those fed the diet deficient in both elements (Diet C) lost weight 
for the first 3 weeks (Fig. 1). Table 2 presents the data concerning the 
average weight changes for all the rats on each of the four diets. 

The average proportional weights of the adrenal glands and thy- 
muses of the six animals in each group are also listed in Table 2. The 
proportional weights of the adrenals and thymuses of the control 
animals were normal for rats of this age and size. The adrenal weights 
of the rats on the various deficient diets were slightly higher, but their 
thymus weights were within the normal range. The kidneys were not 
weighed in this experiment, but it was noted that those of the po- 
tassium-deficient rats appeared pale and considerably enlarged, as 
described by Follis, Orent-Keiles and McCollum (1942) and Dur- 
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TABLE 2. AVERAGE WEIGHT DATA FOR INTACT RATS ON DIETS DEFICIENT IN SODIUM, 
POTASSIUM, AND SODIUM-AND-POTASSIUM, AND FOR THEIR CONTROLS. 
INDIVIDUAL. RATS FROM EACH GROUP WERE KILLED AT 

8, 14, 22, 30, 38 anD 70 Days 





Adrenals Thymus 





Diet No. Initial Final Changein 
rats weight weight weight (Proportion, mg./100 
g. g. g. g. body weight) 


Complete (D) 153 222 +69 17.0 176 
Na-deficient (A) 128 165 +37 22.8 218 
K-deficient (B) , 143 162 +19 22.9 187 
Na, K-deficient (C) j 140 168 





lacher, Darrow and Winternitz (1942). The kidneys of the rats on 
the other diets seemed normal in size and appearance. 

The adrenal cortices of the rats on the complete purified diet (D) 
appeared normal in the cytochemical preparations. The zona glo- 
merulosa was somewhat irregular and measured 30—40y in width. Its 
cells were quite small and generally crowded with sudanophilic drop- 
lets. The lipid content of different parts of the zone showed the 
normal variability. The sudanophilic droplets contained considerable 


(C) 
lete (D) 








Weeks on Purified Diets 
Fie. 1. The change in body weight over a period of 70 days of individual rats on 
the different purified diets. Initially the animals weighed approximately 150 grams. 
The weight changes of these animals were representative for their respective groups. 
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ketosteroid as evidenced by the cytochemical criteria employed (Figs. 
3, 8 and 12). The birefringent particles were mixed in size. Underneath 
the glomerulosa lay a narrow ‘‘transitional’’ zone possessing few lipid 
droplets. The broad zona fasciculata contained numerous ketosteroid 
droplets in its outer part and fewer in its inner part. Little or no zona 
reticularis was present in the cortices of these young rats. The occa- 
sional fatty cells in this zone failed to display the ketosteroid reactions 
and therefore probably contained only triglycerides. 

In the animals fed the sodium-deficient diet, the glomerulosa 
became conspicuously broader than normal, measuring 604 by the 
eighth day (Fig. 4). On high-power examination, cell hypertrophy was 
seen to account for this increase in width of the zone. The lipid drop- 
lets in the cells were smaller, sparser, less sudanophilic and more 
irregular in distribution than usual, and the birefringent particles 
were uniformly fine. By 22 days the zone had become still broader 
and further depleted of lipid. Furthermore, the cells had developed 
large watery vacuoles (Figs. 5, 18 and 20) like those which charac- 
terize the cells of the outer fasciculata during the extreme depletion 
attending the adaptation syndrome (Deane and Shaw, 1947, Fig. 
2). After 38 to 70 days, the glomerulosa measured 70 to 100u and was 
almost completely depleted of all material which was sudanophilic, 
Schiff-positive, autofluorescent and birefringent (Figs. 5, 9, 13). No 
particular changes were noted in the zona fasciculata of the rats fed 
the sodium-deficient diet (Fig. 13). 

In the potassium-deficient rats, the zona glomerulosa became 
somewhat narrower than normal (20u) and the cells smaller. The 
sudanophilic droplets became enlarged and compactly arranged (Fig. 
6), while the Schiff reaction (Fig. 10) and autofluorescence of the 
droplets gradually underwent a diminution. Furthermore, the bire- 
fringent particles all became coarse in character (Fig. 14). In the 
fasciculata, the ketosteroid reactions seemed slightly enhanced, and 
the birefringent particles appeared crowded and relatively fine (Fig. 
14). 

In rats fed the diet deficient in both sodium and potassium, the 
zona glomerulosa was noticeably broadened by the 22nd day, attain- 
ing a width of 60u by the 70th day. The individual cells were de- 
tectably enlarged. Fine lipid droplets, which were intensely sudano- 
philic (Fig. 7), Schiff-positive (Fig. 11), and autofluorescent, persisted 
in this zone throughout the course of the experiment. The birefringent 
particles appeared uniformly fine and densely crowded (Fig. 15). On 
this diet, the zona fasciculata appeared essentially normal (Fig. 15). 

2. Hypophysectomized rats fed diet deficient in sodium. The hy- 
pophysectomized rats were maintained for 2 weeks on fox chow in 
order to permit recovery from post-operative depletion of the glo- 
merulosa (Deane and Greep, 1946). Some were then fed the diet lacking 
sodium (A) and others the complete diet (D). Only a small number of 
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TABLE 3. AVERAGE WEIGHT DATA FOR RATS HYPOPHYSECTOMIZED AND FED FOX CHOW 
FOR TWO WEEKS, THEN FED THE SODIUM-DEFICIENT (A) OR COMPLETE 
(D) PURIFIED DIETS 





- Oper- ie wi Adrenals Thymus Kidneys 
No. iet, 








rats pany wks. g. (Proportion, mg./100 g. 
: body wt.) 

Intact 2 - Chow 101 20.6 240 1090 

Hypophysectomy only 1 6 (Chow, 2) 99 10.9 146 687 
D, 4 

Hypophysectomy, —Na 2 4 (Chow,2) 101 9.7 154 778 
A, 2 

Hypophysectomy, —Na 3 6 (Chow,2) 101 8.1 62 738 
A, 4 





operated animals survived for the 6 weeks required for the experi- 
ment. 

The adrenal, thymus and kidney weights for hypophysectomized 
rats fed the sodium-deficient diet (A) are compared in Table 3 with 





EXPLANATION OF FIGURES ON PLATE I 


All photomicrographs on this and the succeeding plates are of adrenal glands which 
were fixed in 10 per cent neutralized formalin for over 48 hours, washed thoroughly, 
and sectioned at 15u on the freezing microtome. 

Figs. 3-11. Exp. 1. The glomerulosa and outer part of the fasciculata of the adrenal 
cortex. The border between the glomerulosa and the transitional zone has been drawn 
in. Figs. 3-7, Sudan IV and hematoxylin, photographed with blue filter. Figs. 8-11, 
Schiff plasmal reaction, photographed with combined green and yellow filters. All fig- 
ures X200. 

Fra. 3. Rat fed complete purified diet (D, Table 1) for 70 days. The zona glomerulosa 
is characteristically irregular in width and moderately narrow (30). The sudanophilia 
of the lipid droplets in this zone is intense. Beneath the glomerulosa are a few rows of 
cells which contain little or no lipid—the “‘transitional’’ zone. The cells of the outer 
part of the zona fasciculata are well filled with sudanophilic droplets. 

Fig. 4. Rat fed the sodium-deficient diet (A) for 8 days. The glomerulosa is broad- 
ened (60,) and its cells enlarged. They contain numerous fine lipid droplets which are 
less intensely sudanophilic than normal. Watery vacuoles have developed in some of the 
cells. 

Fig. 5. Rat fed the sodium-deficient diet (A) for 38 days. The glomerulosa is further 
broadened (75) and retains only a few fine sudanophilic droplets. The cells exhibit 
numerous large watery vacuoles. 

Fia. 6. Rat fed potassium-deficient diet (B) for 70 days. The glomerulosa appears 
shrunken (20), but filled with intensely sudanophilic droplets. 

Fig. 7. Rat fed purified diet lacking both sodium and potassium (C) for 38 days. 
The glomerulosa is broad (55), the cells enlarged and crowded with markedly sudan- 
ophilic droplets. 

Fia. 8. Rat fed complete purified diet (D) for 38 days. The Schiff reaction parallels 
the sudanophilia in the glomerulosa and outer fasciculata in the normal gland. The 
glomerulosa measures 40x. 

Fig. 9. Rat fed sodium-deficient purified diet (A) for 38 days. Only a few Schiff- 
positive droplets remain in the broad glomerulosa (100,), although the reaction in these 
few droplets remains intense. 

Fig. 10. Rat fed potassium-deficient diet (B) for 38 days. Not only is the glomeru- 
losa narrower than normal (20), but the droplets possessing Schiff-positive material are 
sparse and give only a weak reaction. 

Fig. 11. Rat fed purified diet lacking both sodium and potassium (C) for 38 days. 


The abundant lipid droplets in the broad glomerulosa (50u) are intensely Schiff posi- 
tive. 
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those for an operated rat fed the complete diet (D) and with those for 
intact rats of the same weight. The adrenals (Deane and Greep, 1946), 
thymus (Smith, 1930), and kidneys (McQueen and Thompson, 1940; 
Selye, 1941) regressed in all the hypophysectomized rats. However, 
the kidneys from the animals receiving the sodium-deficient diet were 
slightly heavier than those from the rats fed the complete diet. 

Histologically the adrenal cortex of the operated animal that was 
fed the complete purified diet showed an over-all atrophy similar to 
that in glands of animals maintained on chow for 6 weeks after the 
operation. The latter have been described in considerable detail by 
Deane and Greep (1946) and Greep and Deane (1947). The over-all 
atrophy resulted from marked shrinkage of the fasciculata and reti- 
cularis, whereas the glomerulosa was broader than normal (120,) 
(Fig. 16). In the glomerulosa all of the ketosteroid reactions remained 
intense, but in the shrunken inner cortex the residual large sudano- 
philic droplets were neither Schiff-positive nor autofluorescent and 
were only occasionally birefringent. Consequently, the droplets re- 
maining in the inner zone probably contained triglycerides without 
any ketosteroids dissolved therein. 

In contrast to the control hypophysectomized rat, the rats fed the 
sodium-deficient diet exhibited a progressive depletion of ketosteroids 
in the zona glomerulosa. By the fourth week, lipid droplets displaying 
the various reactions were completely absent from the outer part of 





EXPLANATION OF FIGURES ON PuaTE II 


Figs. 12-15. Exp. 1. Birefringence pattern in unstained sections of the whole 
adrenal cortex. 100. 

Fig. 12. Rat fed complete purified diet (D) for 70 days. A mixture of fine and coarse 
birefringent particles appears in the narrow glomerulosa (30) and in the fasciculata. 
The “‘transitional”’ zone between them is empty. 

Fig. 13. Rat fed sodium-deficient diet (A) for 38 days. The birefringent capsule 
outlines the gland. Below this the glomerulosa (70u) is completely devoid of birefringent 
material. The fasciculata presents about the usual amount. 

Fig. 14. Rat fed potassium-deficient diet (B) for 70 days. The glomerulosa (20) 
displays only coarse particles. Moreover, the crystals appear sparser than normal (Fig. 
12). The fasciculata seems somewhat superactive, displaying numerous fine birefringent 
particles. 

Fia. 15. Rat fed purified diet lacking both sodium and potassium (C) for 70 days. 
The broad glomerulosa (604) appears crowded with small birefringent particles. The 
fasciculata contains particles of both sizes as usual. 

Figs. 16 and 17. Exp. 2. Adrenal cortices from rats hypophysectomized for 6 weeks. 
Line drawn between the glomerulosa and “transitional”? zone. Sudan IV and hema- 
toxylin, photographed with a blue filter. 150. 

Fig. 16. Control rat hypophysectomized for 6 weeks and fed complete purified diet 
(D) for the last 4 weeks. Sudanophilic lipids occur in the broad glomerulosa (120u) and 
in the shrunken inner zones. By comparison with the other methods, it appears that 
only the droplets in the glomerulosa contain ketosteroids. 

Fig. 17. Rat hypophysectomized 6 weeks and fed sodium-deficient purified diet (A) 
for 4 weeks. The glomerulosa is considerably broader (1604) than in Fig. 16, and is al- 
most completely depleted of lipids, which persist only at the innermost border of the 
zone. The residual lipid droplets in the glomerulosa display the various ketosteroid re- 
actions. 
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the glomerulosa, although a few remained in the cells at the inner bor- 
der of the zone (Fig. 17). Moreover, the glomerulosa became broader 
than in the control gland (160/120y), as in intact animals receiving 
the sodium-deficient diet. 

3. Intact rats injected with potassium chloride. A single intraperi- 
toneal injection of 55 mg. potassium chloride per 100 g. body weight 
proved fatal in two out of ten rats. Cytochemical preparations of the 
adrenals of the survivors demonstrated a considerable depletion of 
ketosteroids from the zona glomerulosa as early as 4 hours after in- 
jection (Fig. 23). This reduction progressed until 12 hours (Fig. 24), 
when any lipid droplets that persisted were small. By 12 hours the 
zone had broadened (55u) and the cells were enlarged. By 18 hours 
the zone was partially restored to normal. 

In the rats receiving four injections of smaller quantities of potas- 
sium chloride (20 mg. per 100 g.), the glomerulosa became extremely 
broad (85) and almost completely depleted of ketosteroids by 6 
hours (Fig. 25). Almost complete restoration had occurred by 24 
hours. In no case did the fasciculata appear significantly changed 
following potassium injection. 

4. Intact rats fed diet deficient in sodium and injected with desoxy- 
corticosterone acetate. To ascertain whether the concomitant adminis- 


EXPLANATION OF FIGURES ON PLaAreE III 


Figs. 18-22. Exp. 4. Glomerulosa and outer fasciculata; line drawn between the 
glomerulosa and ‘“‘transitional’”’ zone. Sudan black B, photographed with a blue filter. 
xX 200. 

Fig. 18. Rat fed sodium-deficient purified diet (A) for 2 weeks. The glomerulosa is 
conspicuously broadened (175) but still contains considerable sudanophilic material. 
Note watery vacuoles in the cells. 

Fig. 19. Rat fed sodium-deficient diet (A) and injected with desoxycorticosterone 
acetate for 2 weeks. The glomerulosa (105) is less enlarged than in Fig. 18 but con- 
tains about the same amount of lipid. 

Fig. 20. Rat fed sodium-deficient diet for 2 weeks. Glomerulosa broad (150u) and 
almost completely depleted of lipid. Conspicuous watery vacuoles. 

Fia. 21. Rat fed sodium-deficient diet and injected with desoxycorticosterone ace- 
tate for 4 weeks. Glomerulosa (140y) nearly as broad as in Fig. 20 and, if anything, more 
depleted of lipid. 

Fig. 22. Rat fed complete purified diet (D) and injected with desoxycorticosterone 
acetate for 4 weeks. Glomerulosa narrow (25u) and completely depleted of lipids. Con- 
trast with Figs. 19 and 21. Fasciculata densely packed with lipid. 

Fias. 23-25. Exp. 3. Rats injected with potassium chloride. Glomerulosa and outer 
fasciculata; line drawn between glomerulosa and “‘transitional’” zone. Sudan IV and 
hematoxylin, photographed with blue filter. 200. 

Fig. 23. Rat injected 4 hours previously with 55 mg. potassium chloride per 100 g. 
body weight. The glomerulosa remains at normal width (30) but is conspicuously de- 
pleted of lipid droplets. Those remaining are exceedingly small. 

Fig. 24. Rat injected 12 hours previously with 55 mg. potassium chloride per 100 g. 
body weight. The glomerulosa now appears considerably broadened (55y) and its cell 
enlarged. The zone is further depleted of lipid droplets. 

Fig. 25. Rat injected 4 times at 2-hour intervals with 20 mg. potassium chloride 
per 100 g. body weight. Died after fourth injection (6 hours). The glomerulosa is very 
broad (85) and its cells conspicuously enlarged. The zone appears almost completely 
depleted of lipid droplets. 
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tration of desoxycorticosterone acetate would prevent the changes 
in the glomerulosa resulting from sodium deficiency, rats weighing 
50 grams were placed on Diet A and injected with 2 mg. hormone 
daily for as long as a month. Controls consisted of rats fed the de- 
ficient diet only or injected with hormone only. 

The weights at autopsy of the paired adrenal glands, the thymuses 
and the paired kidneys of the experimental animals and their dietary 
and hormone-injected controls are recorded in Table 4. The control 
rats injected with desoxycorticosterone acetate showed adrenal 


TABLE 4. AVERAGE WEIGHT DATA FOR THE RATS FED A SODIUM-DEFICIENT DIET (A) 
AND INJECTED DAILY WITH 2 MG. DESOXYCORTICOSTERONE ACETATE, AND 
FOR THEIR CONTROLS 





No, Hormone Initial Final Wwe. Adrenals Thymus Kidneys 
zeta treat- wt., wt., gain, (Pro . 

: a portion, mg./100 g. 
ment g. g. g. body wt.) 





rats 





84 22.8 242 1185 

Na-deficient j 90 31. 186 1170 
(A), 2 wks. 

Na-deficient : 80 28. 243 1185 
(A), 2 wks. 


Complete 76 20.§ 298 1270 
(D), 2 wks. 

Na-deficient - 82 30. 200 1190 
(A), 4 wks. 

Na-deficient 2. be 83 ‘ 26. 1190 
(A), 4 wks. 

Complete 17. f 1330 
(D), 4 wks. 


atrophy, a result which has been attributed to inhibition of the secre- 
tion of adrenotropin from the pituitary by this hormone (Del Castillo 
and Rapela, 1945; Greep and Deane, 1947). The kidneys hypertro- 
phied, probably because of potassium deficiency (Durlacher, Darrow 
and Winternitz, 1942). On the other hand, those control rats fed the 
diet lacking sodium showed a slight enlargement of the adrenals but 
no alteration in kidney weight. Finally, the experimental animals given 
both treatments assumed an intermediate position between the other 
two groups in respect to adrenal size, but their kidney weights were 
normal. This latter fact might indicate that low blood sodium tends 
to offset the effect of low blood potassium on kidney size. The thy- 
muses of all three groups of animals were within the normal range. 
The adrenal cortices of the hormone-injected controls resembled 
those described previously by Greep and Deane (1947), in that the 
zona glomerulosa atrophied somewhat (25) and its cells shrank 
(Fig. 22). At 2 weeks the cells of the glomerulosa contained a few 
large lipid droplets which failed to autofluoresce or react with the 
Schiff reagent; the birefringent particles were coarse and sparse. By 
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the end of 4 weeks no lipid material whatsoever remained. The fas- 
ciculata also appeared somewhat shrunken, its cells displaying en- 
larged ketosteroid droplets. The earlier experiments (Greep and 
Deane, 1947) showed that the glomerulosa of hypophysectomized 
rats undergoes similar involution with the injection of desoxycorti- 
costerone. 

The adrenals of the dietary controls resembled those described 
in the first experiment (Diet A). However, the zona glomerulosa was 
even more enlarged in these small rats (av. 163y, Figs. 18 and 20) than 
in the larger animals used before. Lipid droplets had almost com- 
pletely disappeared from the zone by 4 weeks (Fig. 20). 

When desoxycorticosterone acetate injection was combined with 
the sodium-free diet, the effects were similar to those of simple so- 
dium deficiency. The glomerulosa became progressively broader 
(av. 123) and depleted of ketosteroid droplets (Figs. 19 and 21). 
The only difference between these hormone-treated animals fed the 
deficient diet and the dietary controls lay in a slightly slower enlarge- 
ment of the glomerulosa (105/175 at 2 weeks; 140/150u at 4 weeks). 


DISCUSSION 


In the hypothesis on which these experiments were based it was 
proposed that, in the rat, the zona glomerulosa forms desoxycorti- 
costerones and that stimulus to their secretion does not require the 
presence of the anterior pituitary gland. The desoxycorticosterones 
act, in part, to maintain a high sodium: potassium ratio in the blood 
plasma. Consequently, it was deduced that any alteration effected 
in this ratio might alter the demand for the hormones in the attempt 
of the animal to restore electrolyte equilibrium. In the present experi- 
ments the normal ratio was either raised or lowered in intact and 
hypophysectomized rats, resulting in marked changes in the size and 
cytochemical characteristics of the zona glomerulosa. 

Interpretation of secretory activity from the morphological and 
cytochemical changes noted in the glomerulosa must depend for the 
present on analogy with secretory changes in other glandular tissues. 
The principal metabolic tests developed for desoxycorticosteroids 
require measurement of blood and urinary electrolytes to determine 
deviations from normal (Swingle and Remington, 1944). Since the 
electrolyte levels of the animals used in these studies had been altered 
by the experimental procedures, we had no metabolic method for 
evaluating the amount of hormone secreted. However, an interpreta- 
tion based on analogy with similar changes in the cells of the zona 
fasciculata should be possible, since the cells have a common em- 
bryologic origin and secrete similar products. 

A number of workers have correlated the morphological and histo- 
chemical alterations in the fasciculata with functional tests for 11- 
oxygenated corticosteroids. By so doing it has been possible to ascer- 
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tain the signs that accompany increased or decreased secretory activ- 
ity. 

During increased secretory activity (resulting from pituitary 
stimulation), the cells of the fasciculata enlarge and, consequently, 
the zone broadens. The lipid droplets become small but retain their 
autofluorescence and continue to react intensely with the Schiff 
reagent. All of the birefringent particles within the droplets become 
fine (Weaver and Nelson, 1943). Ketosteroid droplets may disappear 
entirely from the cells if stimulation is excessive or prolonged (Dalton 
et al., 1944; Deane and Shaw, 1947; Sayers and Sayers, 1948). 

On the other hand, with decreased activity of the fasciculata 
(resulting from reduced pituitary activity), the zone and its cells 
shrink measurably. In this condition the lipid droplets enlarge and the 
birefringent particles become coarse. Secondarily, the autofluorescence 
and reactivity with the Schiff reagent decline. With complete inac- 
tivity following hypophysectomy, the droplets ultimately disappear 
entirely (Sarason, 1943; Deane and Greep, 1946; Greep and Deane, 
1947). From this fact it can be seen that disappearance of droplets 
per se fails to indicate whether the cell is hyperactive or entirely in- 
active. Cell size is the primary consideration in evaluating which 
condition obtains. 

Fig. 2 summarizes in diagrammatic form these conclusions con- 
cerning fasciculata-cell changes with stimulation or inactivation. It 
seems reasonable to extend this interpretation of cell activity which 
has been evolved for the zona fasciculata to the observed changes in 
the zona glomerulosa. 

Hyperactivity of the zona glomerulosa. In the present experiments, 
whenever a reduction occurred in the usual sodium : potassium ratio 
of the blood, the alterations characterizing the glomerulosa indicated 
hyperactivity. Similar changes occurred whether the reduction in 
ratio was produced by potassium injection (Exp. 3) or by feeding a 
low-sodium diet (Exp. 1A). Moreover, similar alterations appeared in 
hypophysectomized rats that were made sodium-deficient (Exp. 2). 
The glomerulosa broadened and the individual cells hypertrophied. 
Furthermore the ketosteroid droplets within the cells became very 
small, while retaining their autofluorescence and reactivity with the 
Schiff reagent. Their birefringence became uniformly fine. With severe 
potassium intoxication or prolonged sodium deficiency, the droplets 
disappeared entirely. The acute depletion with potassium poisoning 
resembled the depletion of the fasciculata in the ‘alarm reaction”’ 
of Selye (1946) (Fig. 2B). The depletion attending prolonged sodium 
deficiency followed a stage in which the cells were filled with tiny 
droplets (Fig. 2C). This depletion therefore appeared to follow the 
course A—C-—D (Fig. 2). With either treatment, extreme depletion 
probably indicated that the cells were releasing hormone as fast as it 
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Fig. 2. Modulation of the cells of the fasciculata with increased stimulation or with 
reduction in stimulation (inactivation). The morphological changes in the glomerulosa 
observed in the present experiments are interpreted similarly. 

A. Normal cell containing moderate sized ketosteroid droplets. 

B, C, D. The cells enlarge following stimulation to increased activity. Ketosteroid 
droplets when present are unusually small. The course of modulation depends on the 
acuteness and degree of stimulation. With the most severe stimulus, the course will be 
A—B—D; with more moderate stimulus, A—>B-—-C—-D; with mild stimulation, A-C, 
Reduction in the stimulus permits return of the cells toward normal along the pathway 
indicated. 

E, F, G. The cells shrink with loss or reduction of normal stimulation. The ketos- 
teroid droplets enlarge and gradually diminish in number. The extent of modulation 
depends both on the degree of loss of stimulus and on the duration of inactivation. Re- 
versal occurs when stimulus is reestablished. 

It should be noted that disappearance of lipid droplets may occur either with in- 
creased stimulation or with inactivation. Cell size must always be taken into account 
when judging the activity of the depleted cell. 
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was manufactured, so that no intracellular storage could occur. Secre- 
tory activity had therefore reached its peak. 

Consequently it may be concluded that a lowered sodium: potas- 
sium ratio elicits an increased secretion of desoxycorticosteroids. This 
stimulation does not require the presence of the pituitary gland. 
However, the nature of the stimulating agent awaits further experi- 
mentation. Perhaps the reduced electrolyte ratio per se causes glo- 
merulosal activation, or perhaps some entirely unknown humoral 
change stimulates the zone. 

Similar but less extreme activation of the glomerulosa occurred 
when rats were fed a diet lacking both sodium and potassium (Exp. 
1C). The zone became considerably broadened, and the ketosteroid 
droplets within the cells became uniformly fine but, nevertheless, 
densely crowded throughout the experimental period of 10 weeks. 
Thus, under the conditions of this experiment stimulation was not 
severe enough to cause depletion (Fig. 2C). No reports exist in the 
literature on the electrolyte levels in animals fed such a diet, nor have 
we made any direct observation on this point. Nevertheless, the reac- 
tion of the glomerulosa would indicate that the ratio of sodium and 
potassium had been lowered somewhat, although not to the degree 
produced by sodium deficiency alone. 

Decreased activity of the zona glomerulosa. In contrast to the pre- 
ceding situation, whenever the sodium:potassium ratio in the 
blood stream was elevated, the glomerulosal changes indicated loss 
of stimulation and inactivity. Extreme inactivation resulted when 
2 mg. desoxycorticosterone acetate was injected every day for a 
month (Exp. 4). The glomerulosal cells shrank. The ketosteroid drop- 
lets enlarged and their birefringence became uniformly coarse. They 
gradually lost their autofluorescence and ability to react with the 
Schiff reagent; their numbers declined, so that by the end of a month 
all of them had disappeared (Fig. 2G). Similar changes have been 
described in hypophysectomized rats injected with desoxycortico- 
sterone (Greep and Deane, 1947). Therefore, neither release from ac- 
tivity nor stimulation requires the presence of the pituitary. 

Less marked inactivation of the glomerulosa occurred when the 
rats were fed a diet deficient in potassium (Exp. 1B). While the 
glomerulosa shrank and the ketosteroid reactions faded, some drop- 
lets persisted within the cells for as long as 10 weeks (Fig. 2F). Almost 
the same alterations in sodium and potassium levels occur with desoxy- 
corticosterone administration and potassium deficiency (Darrow and 
Miller, 1942). Consequently the difference in degree of reaction by 
the glomerulosa would seem to depend on other factors. Since desoxy- 
corticosterone affects functions which potassium deficiency does not 
(e.g., water balance [Gaunt, 1944] and urea excretion [Ferrebee 
et al., 1941]) differences in these functions may account for the differ- 
ent results of the two treatments. 








September, 1948 SALT BALANCE AND GLOMERULOSA 151 


Sarason (1943) failed to observe signs of glomerulosal inactivity 
in rats fed a potassium-deficient diet for a month. Since, in our ex- 
perience, the glomerulosa is depressed but never becomes entirely 
depleted with this treatment, his failure points up the necessity for 
using all of the ketosteroid methods, especially the Schiff reaction, in 
order to reveal evidences of mild secretory inactivity. 

Sarason also emphasized that the cortex as a whole shrinks with 
desoxycorticosterone administration but not with a low-potassium 
diet. He attributed this discrepancy to fundamentally different effects 
of the two treatments on the cortex. Since our observations indicate 
that the two treatments both result in glomerulosal shrinkage and 
hypoactivity, however, it must have another basis. The administra- 
tion of desoxycorticosterone is now believed to cause some inhibition 
of adrenotropin release from the pituitary, an effect variously pos- 
sessed by all of the cortical hormones (Sayers and Sayers, 1947). This 
lowered adrenotropin output, in turn, would allow some shrinkage of 
the fasciculata (Greep and Deane, 1947). Since it has never been 
found that potassium deficiency inhibits the pituitary, the difference 
observed by Sarason in the effect of the two treatments on adrenal 
size may probably be explained on this basis. 

The administration of desoxycorticosterone to sodium-deficient rats. 
Treatment with 2 mg. desoxycorticosterone acetate daily failed to 
mitigate the stimulus of sodium deficiency to any significant degree. 
The glomerulosa became nearly as broad and just as depleted in 
young rats receiving hormone as in rats fed the deficient diet alone. 
Perhaps the slower enlargement of the zone with hormone treat- 
ment indicated some benefit. Nevertheless the additional desoxy- 
corticosterone was apparently incapable of maintaining for long a 
normal sodium:potassium ratio. Two explanations appear possible. 
One, that the dosage employed, even though adequate to maintain 
rats receiving a normal diet, was inadequate to prevent completely 
the loss of sodium, so that a drop in the electrolyte ratio developed. 
The other, that the kidneys can never be entirely efficient in reab- 
sorbing sodium, and no amount of hormone would suffice to offset 
complete dietary deficiency. Additional experimentation is necessary 
to determine which, if either, of these two explanations applies. It 
should be remarked that Knowlton, Loeb, Stoerk and Seegal (1947) 
found that 2.5 mg. hormone daily was sufficient to balance the stimu- 
lation caused by a diet moderately deficient in sodium chloride. Under 
the conditions of their experiment the glomerulosa remained normal 
in width and lipid content. 


SUMMARY AND CONCLUSIONS 


To test the hypothesis that the electrolyte-regulating hormones of 
the adrenal gland are produced in the zona glomerulosa, the histo- 
chemical appearance of the rat’s adrenal was studied in experiments 
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designed to disturb the normal ratio of sodium and potassium. Re- 
duction of this ratio, accomplished by parenteral administration of 
potassium or dietary deficiency in sodium, caused cytological changes 
in the zona glomerulosa which indicated increased activity. After 
injection of potassium, the zone broadened and its lipid content de- 
creased rapidly. With sodium deficiency, it became conspicuously 
wider and its cytoplasmic lipid droplets declined in size to eventual 
disappearance; these changes occurred in both normal and hypophy- 
sectomized rats. Similar but less marked changes occurred in the 
adrenal glands of rats deficient in both sodium and potassium. 

Elevation of the sodium: potassium ratio, accomplished by admin- 
istration of desoxycorticosterone acetate or dietary deficiency in 
potassium, caused cytological changes indicating inactivity of the 
glomerulosa. After these procedures, the glomerulosal cells became 
smaller, their lipid droplets enlarged in size but decreased in number, 
and the cytochemical reactions indicative of ketosteroids declined in 
intensity. With the hormone injection, all droplets ultimately disap- 
peared. 

These observations indicate that depression of the sodium: potas- 
sium ratio causes increased secretion by the cells of the zona glomeru- 
losa and that elevation of this ratio causes decreased secretion or in- 
activity of the zone. These effects do not require the presence of the 
pituitary gland, but the mediating mechanism is unknown. 

The administration of desoxycorticosterone (2 mg. daily) failed 
to prevent the glomerulosal changes accompanying sodium de- 
ficiency. Two possibilities to explain this anomalous result are: 1) 
the kidney may have been conserving sodium at nearly its maximal 
ability without the added desoxycorticosterone, or 2) the dose ad- 
ministered may have been too low. 
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ACTIVITY ON THE CHOLESTEROL 
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ALTHOUGH the metabolic degradation of steroid hormones has 
been extensively studied, the anabolic origin of these substances in 
the animal body has not received much attention. An important clue 
was furnished by Bloch (1945) who demonstrated that isotopically 
labelled cholesterol, fed to a pregnant woman, is in part converted to 
pregnandiol. The logical assumption is that such a conversion is by 
way of progesterone which, in the case of a woman in the late stages 
of pregnancy, may be assumed to have occurred in the placental 
tissues. 

Another indication that cholesterol may be utilized for the syn- 
thesis of steroid hormones is afforded by a number of studies (Sayers, 
Sayers, Fry, White and Long, 1944; Sayers, Sayers, Liang and Long, 
1946; Long, 1947; Levin, 1945) in which it was shown that stimulation 
of the adrenal cortex, at least in the initial stages, is accompanied by 
loss of stored cholesterol from this gland. Since such a loss of choles- 
terol is associated with various signs of adrenocortical hormonal 
secretion, the inference has been made that the stored cholesterol is 
utilized in the manufacture of the steroid hormones secreted by the 
cortex. 

Both of the above lines of evidence as well as the molecular struc- 
tural relationships suggest that ovarian secretion of estrogen and 
progesterone may also involve degradation of ovarian cholesterol. A 
study of ovarian cholesterol changes resulting from stimulation by 
gonadotrophic substances seemed likely to throw light on the subject. 
The present study, the results of which are presented below, was in- 
itiated for this purpose. 


MATERIALS AND METHODS 





Litters of female rats of the Long-Evans strain, 22 to 25 days old at the 
start of the experiment, were separated so as to distribute littermates, inso- 
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far as was possible, among the various groups and also to keep the average 
body weights as uniform as possible. The animals were given a single sub- 
cutaneous injection of gonadotrophin and at various intervals thereafter, 
as indicated below, were sacrificed. The doses of the several gonadotrophic 
preparations were selected to evoke as nearly as possible equal stimulation 
as judged by ovarian weight response. Non-injected animals were always car- 
ried along as controls with the injected groups. 

At the termination of each experiment, the individual animals were 
killed by ether anesthesia at the specific times indicated below. The ovaries 
and, in many cases, the uteri were immediately removed and carefully dis- 
sected free of fatty and connective tissues under the dissecting microscope. 
The presence of hyperemia, large follicles and corpora lutea were noted. 
Each pair of ovaries was weighed to the nearest one-tenth milligram and 
was immediately placed in a conical test tube to which was added 2 ml. of 
alcohol-acetone (1:1) mixture. The ovaries were finely minced in the alcohol- 
acetone by grinding with a pinch of washed sand and a closely fitting stir- 
ring rod. The extraction mixture was heated to boiling by immersing in a 
hot water bath and then allowed to cool to room temperature. The super- 
natant solution was transferred to a 5 or 10 ml. volumetric flask by means 
of a bulb pipette and the tissue residue was re-extracted several times more 
in the same manner with 1 ml. volumes of the same solvent. The contents 
of the volumetric flask were allowed to come to room temperature, made up 
to volume and after mixing, filtered through hot-alcohol-washed filter 
paper into a clean test tube. Aliquots of the clear soluton were used for the 
determination of the total cholesterol content by Sperry’s (1943) modification 
of the Schoenheimer-Sperry method. Because the cholesterol concentration 
of rat ovaries is small, it was necessary that the aliquot taken for analysis 
be as large as possible so as to increase the accuracy of the determination. 
For this reason, duplicate analyses on individual pairs of ovaries could not 
be made. 

The following gonadotrophic substances were used: A commercial, 
partially purified lyophilized preparation of equine anterior pituitary gland 
sealed in sterile ampules. Each time the material was to be used, the contents 
of an ampule were dissolved in the correct amount of the accompanying 
solvent and the dose to be injected was calculated according to the label 
potency. As will be seen below, this preparation induced both follicular 
growth and luteinization. 

A preparation of human chorionic (pregnancy. urine) gonadotrophin, 
which, when assayed in this laboratory against the international chorionic 
gonadotrophin standard, had a potency of 660 i.u. per mg. In practice, this 
preparation was diluted with lactose so that small quantities could be con- 
veniently weighed and solutions, in distilled water, were freshly prepared 
for each experiment. In most instances, the final solution contained 2 per 
cent lactose in addition to the gonadotrophin. 

A preparation of post-menopausal urinary gonadotrophin made in this 
laboratory by a previously published method (Levin and Tyndale, 1936). 
The material assayed 1 mouse uterine unit (Levin and Tyndale, 1937) per 
0.70 mg. 

A commercial preparation of pregnant mare’s serum gonadotrophin 
supplied as a dry powder in sterile ampules. This was freshly dissolved, 
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before use, in the appropriate amount of accompanying diluent according 
to the label potency. 


RESULTS 





The results obtained with a single injection of 10 rat units of 
hypophyseal gonadotrophin (APE) are presented in Table 1. It may 
be seen that there was a definite trend toward increase in ovarian 


TABLE 1. Errect oF Pirurrary GONADOTROPHIN ON OVARIAN 
CHOLESTEROL OF IMMATURE Rat 











_ | Ovarian weight Ovarian cholesterol 
Treatment No. _—_. -——— 
=e Change} Cone. | Total Change 
gm. mg. percent percent; mg. per cent 
No treatment 60 44.0 | 12.7 1.160 0.147 
APE. 10 R.U. 1 hr. 8 44.4 , 13.9 + 10 0.933* , 0.130 — 12 
3 hr. 7 44.4 14.0 + 10 | 0.777* | 0.109* — 26 
5 hr. 36 43.0 15.4* + 21 0.776* 0.118* — 20 
12 hr. 7 43.3 | 18.0* | + 42 | 0.587* | 0.105* | — 29 
20 hr. 9 40.8 | 19.3* | + 52 | 0.628* 0.121* — 18 
27 hr. 9 41.4 | 20.5* | + 62 0.649* | 0.133 — 10 
48 hr. 6 45.0 34.3* +170 0.800* 0.273* + 86 
72 hr. 6 50.7 | 61.4* +384 | 0.610* | 0.373* | +154 
96 hr. 5 52.0 48.5* | +282 0.749* 0.344* | +134 


* Indicates value to differ significantly (P = <0.01) from control value. 


weight within an hour after the injection although this weight increase 
did not become statistically significant until 5 hours after the injec- 
tion. The ovarian weight increase continued progressively until at 
least the 72nd hour. The ovarian cholesterol concentration was sig- 
nificantly decreased within one hour and continued to fall until 12 
hours after the gonadotrophin injection. Thereafter, until the 96th 
hour, the cholesterol concentration remained approximately constant. 
That the early decrease in cholesterol concentration was not simply 
a consequence of the increased ovarian weight may be seen by in- 
spection of the figures for the total cholesterol content of the ovaries. 
It is obvious that there was an actual loss of ovarian cholesterol 
within one hour after injection, becoming statistically significant by 
the third hour and remaining at a reduced level until at least 12 hours 
after the injection. Thereafter, cholesterol replenishment began, the 
original level being almost attained at 27 hours. At 48 hours the ova- 
ries contained almost twice as much cholesterol as did the controls 
and at 72 hours even more cholesterol had accumulated. At 96 hours, 
the total cholesterol content apparently was beginning to recede 
toward the control level. Thus, during the first 12 hours after a 
single injection of hypophyseal gonadotrophin, while the ovarian 
weight increased progressively, the ovarian cholesterol was as steadily 
lost. Thereafter, however, the continuing increase in ovarian weight 
was paralleled by an accumulation of cholesterol. This diphasic 
response is clearly demonstrated by a comparison of the percentage 
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change in ovarian weight and in total cholesterol content as is graph- 
ically represented in Figure 2. 

Inspection of the ovaries and uteri of the animals treated with the 
hypophyseal gonadotrophin indicated that follicular stimulation, 
estrogen secretion and luteinization were occurring. From previous 
experience (Tyndale, Levin and Smith, 1938), it was known that 
with medium sized doses of post-menopausal urinary gonadotrophin 
excellent follicular stimulation and estrogen secretion, with little or no 
luteinization, may be achieved. In order, therefore, to determine 
whether the cholesterol loss is associated with follicular stimulation 
and estrogen secretion as opposed to luteinization, an experiment, 
similar to that described above, was carried out using post-meno- 
pausal urinary gonadotrophin (CU). The results of this experiment 
are presented in Table 2 
TABLE 2. EFFECT OF POSTMENOPAUSAL GONADOTROPHIN ON OVARIAN CHOLESTEROL 


OF IMMATURE RAT. 


_ Ovarian weight Ovarian cholesterol 
Treatment No. =. a = 
lange Cone. Total C vhs ange 
Not , ; - ne Ay 3 per cent “ey ‘ ae per cent 
No treatmen i ; YY 16 .147 

C.U. 10 mg. L531 i hr. 6 50.7 | 13.3 + 5 1.020 0.136 ‘f 
3 hr. 7 50.4 15.4* + 21 0.958* | 0.146 - | 

5 hr. IS 44.3.| 13.9 + 10 | 1.082 | 0.148 + | 

13 hr. 7 46.3 | 17.3* + 36 | 0.968* | 0.167 +14 

24 hr. 1 40.3 | 21.4% | + 68 | 0.812% | 0.174 +18 

48 hr. 5 39.8 | 27.3" +119 | 0.663* | 0.185* +26 

72 hr. | 4 38.5 | 20.4* + 60 | 0.704* | O. see — 3 


* Indicates caine to ‘differ significantly (P = <0.01) from control value. 


The data show a definite and progressive increase in ovarian 
weight similar to that observed after injection of the pituitary gonad- 
otrophin. The increase in ovarian weight after CU administration was 
not, however, sustained for as long as after APE, the maximum in- 
crease with the former being attained at 48 ‘hours after a single in- 
jection as compared to the maximum at 72 hours with the APE. 

The ovarian cholesterol concentration showed no consistent change 
after post-menopausal urine injection until the 13th hour when a 
significant decrease was found to have occurred. This diminution in 
concentration became progressively greater at the 24th and 48th 
hours. At the 72nd hour, the cholesterol concentration began to return 
toward the original control level. 

It is to be noted that after the injection of post-menopausal gonad- 
ctrophin the changes in cholesterol concentration may be directly 
correlated with the changes in ovarian weight. The inverse propor- 
tionality between ovarian weight and ovarian cholesterol concentra- 
tion is quite striking and indicates that little change in absolute 
amount of cholesterol is actually occurring. This impression is con- 
firmed by inspection of the figures for the total content of cholesterol 
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Fia. 1. Effect of Pituitary Gonadotrophin on the Weight and Cholesterol Content 
of the Immature Rat Ovary. A single subcutaneous injection of 10 R.U. was made at 
0 hours. 


per pair of ovaries. It is evident that at no time except at one hour 
after injection was there a decrease in the absolute amount of cho- 
lesterol and even that decrease was not statistically significant. The 
early effect of this gonadotrophin therefore differs from that of APE 
in that the CU does not cause a loss of ovarian cholesterol. The later 
effects, 24 to 48 hours after injection, are similar to those of APE- 
i.e., both types of gonadotrophin cause an accumulation of cholesterol 
at these times. The graphic representation of this data (Figure 2) 
clearly shows the early cholesterol response to differ from that ob- 
tained with APE.  ‘e\@'g! 

The fact that APE caused a loss of ovarian cholesterol whereas 











September, 1948 CHOLESTEROL IN OVARY 159 


the post-menopausal urinary gonadotrophin did not do so presented 
several alternative possibilities. One possibility was that the APE 
might contain adrenotrophic hormone which has previously been 
shown (Sayers, Sayers, Fry, White and Long, 1944) to cause a loss 
of adrenal cholesterol and conceivably might also cause a loss of 
ovarian cholesterol. To determine the validity of such a possibility, 
the adrenal glands of one group of rats treated with the APE were 
removed 9 hours after injection and the cholesterol level determined. 
There was no change as compared to untreated rats, indicating that 
this preparation contained little or no adrenotrophic hormone. In 
addition, several other groups of rats were treated with a preparation 
of adrenotrophic hormone (ACTH) and a further group was exposed 
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Fig. 2. Effect of Postmenopausal Gonadotrophin on the Weight and Cholesterol 
Content of the Immature Rat Ovary. A single subcutaneous injection of 10 mg. was 
made at 0 hours. 
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to low temperature for 5 hours, a procedure reported (Fry, cited by 
Sayers et al., 1944; Long, 1947; Levin, 1945) to cause loss of adrenal 
cholesterol by causing a discharge of adrenotrophic hormone by the 
animal’s own pituitary gland. The ovaries and adrenals were removed 
at appropriate times and the cholesterol contents determined. The 
data are summarized in Table 3. It is evident that neither injection 
of ACTH nor exposure to cold caused any significant change in the 
ovarian cholesterol level although the ACTH, when administered in 
adequate dose, did cause a marked loss of adrenal cholesterol. 


TABLE 3. EFFECT OF ADRENOTROPHIN ON OVARIAN AND ADRENAL CHOLESTEROL 
OF IMMATURE RAT 


Ovarian weight Ovarian cholesterol Adrenal 
Treatment No. ew A - —— - aaa - — 7 
— Change Conc. Total Change Weight | Cholest. 


gm. , | ‘ , per mg. 





No treatment 5 44.0 
ACTH 0.5 mg. 5 hr g 43.0 

5.0 mg. 5 hr. : 46.0 
Cold 5°C. 5 hr 45.9 


These findings eliminate the possibility that the loss of ovarian 
cholesterol resulting from administration of the APE may be as- 
cribed to any adrenotrophic hormone which it might contain. Conse- 
quently, the difference in response to APE and post-menopausal 
gonadotrophin cannot be due to the presence or absence of adreno- 
trophin. 

In an attempt to further elucidate the ovarian cholesterol changes, 
the effect of human chorionic gonadotrophin (PU) was studied. This 
substance is known to have physiological properties similar to those 
ascribed to the pituitary luteinizing hormone and, in hypophysecto- 
mized animals, is devoid of any follicle stimulating properties. The 
results obtained with this substance, summarized in Table 4, are 
very similar to those obtained with the unfractionated pituitary 
extract. The same early loss of ovarian cholesterol, coincident with 
increasing ovarian weight was found and this cholesterol loss was 


TABLE 4. EFFECT OF CHORIONIC GONADOTROPHIN ON OVARIAN CHOLESTEROL 
OF IMMATURE RAT 


Body Ovarian weight Ovarian cholesterol 
Preatment No. | weight Change Conc. Total Change 
per cent per cent mg. percent 


.160 

190" 
.764* 
.680* 
.776* 
.402* 
.574* 
.154 


mg. 





No. Treatment 0 | 12. 
P.U. 3007 L759 3 hr. ( oo 1 4B: + 18 | 


.147 
5 hr. "3 | 14.5% | + 14| 

| 

| 


AgD* —19 
.110* —25 
.103* —30 
.126? | —14 
.103* —30 
. 160 + 9 
.256* | +74 


| eeeoeoeooo 


12 hr. 7 126i + 20 | 
24 hr. | 39.0 | 16. + 29 | 
47 hr. 9 | 25: +102 | 
71 hr. 5.1 | 28.4% | +124 

97 hr. .0 | 22.2* | + 75 


-coooocore 





* Indicates value to differ significantly (P = <0.01) from control value. 
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associated with a pronounced decrease in the concentration of ovarian 
cholesterol. It is to be noted that the duration of the cholesterol loss 
is at least 48 hours, a considerably longer period than observed after 
APE injection. 

During the later periods, e.g., 71 hours or more after the gonado- 
trophin administration, there is an accumulation of cholesterol in the 
ovaries. Perhaps because of the waning of the stimulatory effects of 
the single injection of gonadotrophin, at 96 hours the cholesterol 
concentration had returned to the original pre-injection level, even 
though the total cholesterol content was far above the control value. 
The graphic representation of these results, shown in Figure 3, indi- 
cates that the entire cycle of ovarian cholesterol changes is quite simi- 
lar to that seen after APE injection (Figure 2). 


TABLE 5. ErrEcT OF PREGNANT MARE’S SERUM GONADOTROPHIN ON OVARIAN 
CHOLESTEROL OF IMMATURE RAT 


Body Ovarian weight Ovarian cholesterol 
Treatment No. | weight Change Cone. Total Change 
eM. mg. per cent per cen - percent 


No treatment 60 | 44.0 | 12.7 1.160 
Antex 500 icu. 5 hr. 13 47-3: 1 13.8 + 91! 1.074 





3 


24 hr. 12 39.4 15.2* +20 0.813* O.118* — 20 
49 hr. 6 | 44.6 | 46.6% | +267 0.326" 0.15 a 5 
72 hr. 7 | 48.1 | 65.3* | +414 | 0.450* .295* +100 


* Indicates values to differ significantly (P = <0.01) from control value. 


Interesting results were also obtained with the gonadotrophin of 
pregnant mare’s serum (PMS) (Table 5). Twenty-four hours after a 
single injection of 500 i.u. the ovaries were moderately enlarged (20 
per cent increase). During the same interval, 20 per cent of the ovarian 
cholesterol was lost. As a result of these coincident changes in opposite 
directions, the reduction in cholesterol concentration is accentuated. 

The later phases of the reaction are characterized by further 
marked gain in ovarian weight and a slow replenishment of the cho- 
lesterol content. Because of the relatively great weight increase, the 
cholesterol remains at a very low concentration despite the fact that 
the total amount of cholesterol is considerably elevated, being double 
the control level at 72 hours after the injection. These responses 
therefore are similar to those noted with chorionic gonadotrophin and 
pituitary extract. However, the very early response with PMS 
differs from those noted above in that at 5 hours after the injection 
there is little change in ovarian cholesterol whereas with the other 
luteinizing gonadotrophins a definite cholesterol loss was observed at 
1 hour and certainly at 3 and 5 hours after the injection. 


DISCUSSION 


A complete interpretation of the above results is not possible at 
the present time. It is evident that with certain gonadotrophins, such 
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as those of unfractionated pituitary extract, of human pregnancy 
urine and of pregnant mare’s serum, the rat ovary responds by a 
rapid and pronounced loss of cholesterol in spite of a distinct increase 
in ovarian weight. During the later stages of the gonadotrophic 
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Fia. 3. Effect of Human Chorionic Gonadotrophin on the Weight and Cholesterol 
Content of the Immature Rat Ovary. A single subcutaneous injection of 300 ug. (200 
i.u.) was made at 0 hours. 





stimulatory action, the ovarian cholesterol is apparently replenished 
and the total quantity of cholesterol finally greatly exceeds the original 
level although, because of continuing increase in ovarian weight, the 
concentration remains considerably below the pre-injection level until 
at least the 96th hour. 

On the other hand, with suitable doses of gonadotrophin from 
human post-menopausal urine, the initial phase of cholesterol loss 
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does not occur. During the later stages of the gonadotrophic stimula- 
tory action there is a considerable increase in the amount of ovarian 
cholesterol. That this increase is not proportional to the increase in 
ovarian weight, however, is indicated by the fact that although the 
absolute amount of cholesterol increases, the concentration falls due 
to the coincidental rise in ovarian weight. It would appear that al- 
though cholesterol deposition occurs it does not keep pace with the 
deposition of other components of the newly formed tissue. 

The marked differences between the early response to APE, PU 
and PMS as opposed to CU cannot be clearly interpreted. It has 
been well established that all these gonadotrophins cause estrogen 
secretion. Even in hypophysectomized rats, in which it produces no 
sign of follicular stimulation, PU causes massive estrogen secretion 
(Leonard and Smith, 1934). Likewise APE, PMS and CU are well 
known to be effective stimulators of estrogen secretion. It is clear that 
the differences in ovarian cholesterol response cannot be ascribed to 
differences in ability to cause estrogen secretion. 

A more tenable explanation is that based on the known differences 
in the luteinizing potentialities of the two types of gonadotrophin. 
It is well established that chorionic gonadotrophin is predominantly 
luteinizing in its action (Leonard and Smith, 1934). Likewise, it has 
long been known that unfractionated pituitary extract has strong 
luteinizing effects (Smith, 1935). Although equine gonadotrophin in 
small or medium doses does not cause massive luteinization, it does 
produce thecal lutein changes even when minimal doses are adminis- 
tered (Leathem, 1939). These substances are shown in the present 
report to cause a rapid and marked loss of ovarian cholesterol. 

Post-menopausal gonadotrophin, on the other hand, has little if 
any luteinizing action unless relatively high doses are administered 
(Tyndale, Levin and Smith, 1938). This gonadotrophin, the only one 
not having a luteinizing action in the doses administered, did not 
cause a loss of ovarian cholesterol in the present experiments. It is 
therefore tempting to associate the early loss of ovarian cholesterol 
with the luteinizing gonadotrophic action and consequently with the 
secretion of progesterone. 

There are, however, several obstacles to the easy acceptance of 
such a hypothesis. One disturbing factor is that of time relationships. 
It has always been the impression of the authors that with gonado- 
trophins having both follicle stimulating and luteinizing activities, the 
follicle stimulation and estrogen secretion are seen relatively early 
whereas luteinization is a later phenomenon. In the present experi- 
ments, however, it is shown that the cholesterol loss occurs very 
soon (3-24 hours) after the gonadotrophin administration. If the 
cholesterol loss is related to the secretion of progesterone then the 
luteinizing action must be very prompt indeed. That this may actually 
be the case is indicated by the preliminary report of Bradbury 
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(1948) who studied the early ovarian histological response to various 
gonadotrophins and found that lutein changes, when they occur, are 
seen shortly after administration of all gonadotrophins he tested with 
the single exception of CU. 

A more serious obstacle to a simple interpretation of the present 
results is that of the concept of luteotrophic action of the lactogenic 
hormone. It has been reported (Evans, Simpson and Lyons, 1941; 
Evans, Simpson, Lyons and Turpeinin, 1941) that lutein tissue does 
not secrete progesterone unless activated by a luteotrophic hormone, 
thought to be identical with the lactogenic hormone. Recently, Ever- 
ett (1947) has claimed that by use of histological techniques he could 
demonstrate a marked loss of cholesterol from corpora lutea as a 
consequence of administration of lactogenic hormone to rats. 

The possibility existed that in the present experiments the loss of 
ovarian cholesterol was the result of the action of luteotrophin, either 
contained in the administered gonadotrophin or secreted by the ani- 
mal’s own pituitary gland in response to the sudden stimulatory proc- 
ess initiated by the administered material. In order to test the Everett 
hypothesis a preliminary set of experiments was set up. In a small 
series of rats the ovarian cholesterol level was caused to increase by 
injecting pituitary gonadotrophin as in the experiments of Table 1. 
Seventy-two hours after the injection of pituitary gonadotrophin, 200 
iu. of lactogenic hormone was injected into half of the animals, the 
remaining half being retained as controls. Twenty-four hours after 
the injection of lactogenic hormone (i.e., 96 hours after the APE injec- 
tion) the animals were sacrificed. Although the animals injected with 
lactogenic hormone showed a slightly lower ovarian cholesterol level, 
the difference between these and the control APE injected animals 
was certainly not significant. Furthermore, the ovarian cholesterol 
content of animals injected only with 200 i.u. of lactogenic hormone 
and sacrificed 24 hours later was identical with that of uninjected 
control animals. These results therefore provide no evidence to indi- 
cate that the loss of ovarian cholesterol is due to the luteotrophic ac- 
tion of the gonadotrophin. 

The present findings are in good agreement with those of Claesson 
and Hilldarp (1947a; 1947b) who, by histochemical means, have 
found that coitus as well as administration of chorionic or pregnant 
mare’s serum gonadotrophin causes a loss of ‘‘cholesterol’”’ from the 
ovaries of rats and rabbits. However, our interpretations do not agree 
with those of Claesson and Hilldarp. They suggest that the “‘choles- 
terol” is lost from the ovary during the process of estrogen secretion 
and, in fact, refer to it as the “‘oestrogen precursor.”’ This conclusion 
is difficult to understand especially since they show that ovaries of 
rabbits in the estrus state (due to continuous secretion of estrogen?) 
contain large amounts of ‘‘cholesterol” and this “cholesterol” is rap- | 
idly removed by procedures (coitus, injection of PU or PMS) which 
cause ovulation and lutein change. 
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The changes in ovarian cholesterol described above are reminis- 
cent of those obtained (Sayers et al. 1944; Sayers et al. 1946; Long, 
1947a) in adrenal cholesterol following administration of adrenotro- 
phic hormone. In the case of the adrenal, a good correlation could be 
made between loss of cholesterol and various indications of secretion 
of cortical hormone thereby providing reasonable grounds for the 
hypothesis that the adrenal cholesterol is used for the synthesis of 
adrenocortical hormone. In the present experiments a good correlation 
between ovarian secretion and loss of ovarian cholesterol can be made. 
The situation is complicated, however, by the fact that the ovary 
consists of two distinct secretory organs which produce two different 
types of hormone. From the data presented, it is fair to state, there- 
fore, that ovarian cholesterol is utilized during one of the ovarian 
secretory processes. On the basis of presently available evidence it 
appears most likely that it is during the phase of luteal secretion that 
the cholesterol depletion occurs. To definitely establish that this is 
actually the case will require further investigation, particularly in 
hypophysectomized animals in which the unknown contribution of 
the animal’s own hypophysis is definitely eliminated. 
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SUMMARY 


A single injection of equine pituitary extract, of human chorionic 
gonadotrophin or of gonadotrophin from pregnant mare’s serum, ad- 
ministered to immature female rats, results in a marked loss of choles- 
terol from the ovaries. This loss is first evident 3 hours after the go- 
nadotrophin injection and the minimum cholesterol level is attained 
at approximately 12 hours. Thereafter, cholesterol accumulation 
occurs until, at 48 to 72 hours after the injection, the total amount 
present in the ovaries greatly exceeds the original control level. How- 
ever, because of the coincident and disproportionate increase in ovar- 
ian weight, the cholesterol concentration remains far below that of 
control ovaries. 

In contrast to the above results, a single injection of post-meno- 
pausal urinary gonadotrophin, although producing a similar increase 
in ovarian weight, does not cause a loss of ovarian cholesterol. During 
the later stages of its action, it does cause an increase in total choles- 
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terol content but, as above, the cholesterol concentration remains at 
a low level. 

Experiments designed to test the participation of adrenotrophic 
and luteotrophic hormones in causing loss of ovarian cholesterol indi- 
cate that neither of these hormones is involved. Rather, it seems 
likely, though not proven, that the loss of cholesterol is associated 
with luteinizing action and therefore with secretion of progesterone 
by the stimulated ovaries. 
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THE RELATIONSHIP BETWEEN THYROID 
ACTIVITY AND THE LEVEL OF PSEU- 
DO-CHOLINESTERASE IN THE 
PLASMA OF RATS! 


ROSEMARY D. HAWKINS, MARGARET NISHIKAWARA 
AND BRUNO MENDEL 


From the Banting and Best Department of Medical Research, 
Banting Institute, University of Toronto 
TORONTO, CANADA 


IT HAS BEEN shown in this laboratory (Mundell, 1944) that the 
difference in the ability of male and female rat plasma to hydrolyze 
acetylcholine is due to the higher level of pseudo-cholinesterase in the 
plasma of the latter. Sawyer and Everett (1946) have presented evi- 
dence that the level of pseudo-cholinesterase in the plasma of rats 
parallels the estrogen level of these animals and in a later paper 
(Everett and Sawyer, 1946a) these authors concluded that the effect 
of estrogenic substances on the level of pseudo-cholinesterase in the 
rat is mediated through the hypophysis. 

To extend the examination of the relationship of hormones to the 
level of pseudo-cholinesterase in rat plasma, an investigation into the 
effect of thyroid function on the activity of this enzyme was under- 
taken. A preliminary report of some of the observations recorded in 
this series of experiments has already appeared (Hawkins, Mendel 
and Nishikawara, 1948). 

Antopol, Tuchman and Schifrin (1938) have reported that the 
acetylcholine-hydrolyzing ability of human serum is increased be- 
yond the normal range in hyperthyroid patients and that upon treat- 
ment the average activity of their sera approaches that obtained in 
normal subjects. Similar results were obtained by Faber (1943). Since 
the activity of human serum towards acetylcholine is due mainly to 
the activity of pseudo-cholinesterase (Mendel, Mundell and Rud- 
ney, 1943), the elevation observed by Antopol and his co-workers in 
cases of human hyperthyroidism presumably is due to the increased 
activity of this enzyme. In contrast to the results obtained in patients, 
Talesnik and Jimenez observed a depression in the cholinesterase ac- 
tivity of the sera of hyperthyroid rats, whereas in cats and rabbits 
this decrease was less evident (Hoffman and Hoffmann, 1944). How- 
ever, no details of the experimental procedure, the substrate employed 
or its concentration were outlined. 
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MATERIALS AND METHODS 
Adult male Wistar rats were used as experimental animals. They were 
maintained on a diet of chow. Following the experimental period, oxalated 
plasma was obtained by exsanguination through the jugular vein. The activ- 
ity of the cholinesterases (ChE) was estimated manometrically at 37.5°C. 
in a medium containing 0.025 M NaHCO; saturated with 5% COs: in N» 
(pH 7.4). The activity of true cholinesterase was determined with acetyl-(- 
methylcholine (Mch)? in a concentration of 0.03 M and that of pseudo- 
cholinesterase with benzoylcholine (Bch) in a concentration of 0.006 M, 
according to the method of Mendel, Mundell and Rudney (1943). One cc. 
of plasma was used in the estimation of enzymatic activity in all cases and 
the values appearing in the subsequent tables represent the number of 
cubic millimetres of CO, evolved over a 20-minute period. 


EXPERIMENTAL 


A. The Effect of Thyroidectomy on the Activity of the Cholinesterases in 
Male Rat Plasma. 


Thyroidectomy was carried out on 16 animals, as outlined by 
Griffith and Farris (1942). Removal of varying amounts of parathy- 
roid tissue was unavoidable. Therefore, in order to offset the possible 
effects of parathyroidectomy 2 ml. of a5 % calcium gluconate solution 
were administered daily for one week. Fourteen days after operation 
the animals were sacrificed; this time interval was sufficient for the 
recovery of the level of pseudo-cholinesterase from the decline result- 
ing from operation (Everett and Sawyer, 1946b). A control group of 
27 normal animals was used for comparison. The activity of the 
cholinesterases in the plasma of these animals is outlined in Table 2. 
When the values appearing in this table are compared with those 
obtained in normal animals (Table 1) it will be seen that while the 
activity of the true cholinesterase of the treated animals remains un- 
changed, that of the pseudo-cholinesterase shows a significant rise. 
Thyroid removal, therefore, appears to cause an increase in the level 
of pseudo-cholinesterase in the plasma. 


B. The Effect of Thiouracil Treatment on the Level of Pseudo-Cholines- 
terase in the Plasma of Male Rats. 


Since thyroidectomy is accompanied by the unavoidable removal 
of parathyroid tissue, it was necessary to exclude the possibility that 
the rise in pseudo-cholinesterase in the plasma following thyroidec- 
tomy was due to parathyroidectomy rather than thyroidectomy. Ac- 
cordingly, a group of 15 rats was treated with thiouracil. These ani- 
mals received a water ration containing 0.06% thiouracil for a period 
of 23-27 days. The level of pseudo-cholinesterase in their plasma 
following this treatment is given in Table 3. The results indicate that 
the rise in pseudo-cholinesterase obtained after thyroidectomy (Table 
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TABLE 1. ACTIVITY OF THE CHOLINESTERASE IN NORMAL MALE RAT PLASMA 
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2) is due to thyroid rather than to parathyroid removal. Statistically, 

the rise in pseudo-cholinesterase activity resulting from both thy- 

roidectomy and treatment with thiouracil is highly significant. 
TABLE 3. EFFECT OF THIOURACIL TREATMENT ON THE LEVEL OF 


PSEUDO-CHOLINESTERASE IN MALE RAT PLASMA 





Pseudo-ChE. 
Substrate: Bch 
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C. The Effect of Thyroxine Administration on the Level of the Cholines- 
terases in Male Rat Plasma 


In vitro experiments revealed that thyroxine has no effect on the 
activity of pseudo-cholinesterase. However, to determine whether an 
increase in circulating thyroxine would exert an effect on the level of 
plasma pseudo-cholinesterase the reverse of that observed after thy- 
roidectomy, one milligram of thyroxine’ per 100 gm. body weight was 
administered to 15 male rats every other day for a period of 14-16 
days. The animals were then sacrificed in the usual manner. The 
activities of their plasma cholinesterases appear in Table 4. It will be 
seen that the administration of thyroxine to normal male rats causes 
a depression in the level of plasma pseudo-cholinesterase which is 
highly significant. On the other hand, no appreciable deviation from 
the normal occurs in the level of plasma true cholinesterase. Thyrox- 
ine administration, therefore, exerts an effect on plasma pseudo- 
cholinesterase activity which is the direct opposite of that resulting 
from thyroid deficiency. 


D. The Effect of Treatment with a Combination of Thiouracil and Thy- 
roxine on the Activity of Plasma Pseudo-Cholinesterase in Male Rats 


An experiment was undertaken to ascertain whether thyroxine 
administration would prevent the rise in plasma pseudo-cholinesterase 
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which is observed when normal male rats are treated with thiouracil. 
Fifteen male rats were given a water ration containing 0.06% thiou- 
racil for a period of 23-25 days. In addition, 207 of thyroxine per 100 
gm. body weight was administered daily. This dose was felt to be ade- 
quate to supply daily requirements, in view of the findings of Meyer 
and Wertz (1939) that thyroidectomized rats are almost thirty times 


TABLE 4. EFFECT OF THYROXINE ADMINISTRATION ON THE ACTIVITY 
OF THE CHOLINESTERASE OF MALE RAT PLASMA 


True ChE. 











Pseudo-ChE. 





Substrate: Mch Substrate: Bch 
67.3 23.9 
58.5 22.8 
70.7 24.6 
46.3 30.0 
65.3 29.2 
55.5 28.4 
73.2 21.9 
78.0 24.5 
68.0 18.9 
56.7 20.0 
56.0 29.7 
52.9 36.9 
54.3 32.4 
61.2 47.6 
49.6 27 .6 

Aver. 60.9 27.9 

S.E. 2.3 1.9 

t 0.59 3.85 

P 0.56 2.2X10- 


more sensitive to thyroxine than normal animals. The effect of the 
above experimental procedure on the level of pseudo-cholinesterase 
in the plasma of these animals is presented in Table 5. The fact that 
no significant deviation from the normal occurs indicates that the 
administration of thyroxine prevents the rise in plasma pseudo- 
cholinesterase levels induced by treatment with thiouracil. 


DISCUSSION 


Our observation that an elevated thyroxine level induces in rats a 
depression in the plasma pseudo-cholinesterase activity is at variance 
with the findings of Antopol, Tuchman and Schifrin, who reported an 
elevation in the cholinesterase level of hyperthyroid patients. This 
difference in species reaction is unexplained and further experiments 
will be required for its elucidation. 

Whether the effects observed in rats are due directly to the thy- 
roid hormone or whether they are mediated through the pituitary has 
not been fully determined. Although Sawyer and Everett found the 
potentiating effect of estrogenic substances on rat plasma pseudo- 
cholinesterase to be mediated through the hypophysis, preliminary 
experiments on the thyroid-hypophyseal interrelationship seem to indi- 
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cate that the effect of thyroxine on the activity of the enzyme is not 
exerted through hypophyseal intermediation. There is, however, a 
possibility that the liver is involved in some way in the action of thy- 
roxine on pseudo-cholinesterase since Sawyer and Everett (1947) 
have shown that this organ is the main site of pseudo-cholinesterase 
formation. These two points still remain to be settled. 





TasLe 5. THE EFFECT OF COMBINED TREATMENT WITH THYROXINE AND THIOURACIL 
ON THE LEVEL OF PSEUDO-CHOLINESTERASE IN MALE RAT PLASMA 


Pseudo-ChE. 
Substrate: Bch 





Aver. 38. 
S.E. 2. 
t 0. 
P 0.54 
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Although thyroxine seems to exert an inhibitory action on the 
level of plasma pseudo-cholinesterase, it is difficult to venture a sug- 
gestion as to what this implies. The function of pseudo-cholines- 
terase is still obscure. Sawyer and Everett (1947) have advanced the 
hypothesis that since the enzyme hydrolyzes not only acetylcholine 
but such simple esters as tributyrin and methyl butyrate, its principal 
function might be that of a simple lipase concerned with lipid metab- 
olism. It has been suggested (Hoffmann and Hoffmann, 1944; Handler 
1948) that the thyroid plays a major role in phospholipid metabolism 
and it is a well-known fact that changes in the level of thyroid activity 
are accompanied by changes in phospholipid and lipid metabolism. 
Thus, one common association between thyroid activity and plasma 
pseudo-cholinesterase activity may be found in a mutual relationship 
with lipid and phospholipid metabolism but this association may be 
merely fortuitous. 


SUMMARY 


A depression in the level of thyroxine in normal male rats induced 
by thyroidectomy or by treatment with thiouracil results in an ele- 
vation in the activity of pseudo-cholinesterase in the plasma of these 
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animals. Statistically, the rise in the activity of this enzyme is highly 
significant. 

An elevation in the level of thyroxine, on the other hand, leads to 
a depression in the activity of plasma pseudo-cholinesterase which is 
also highly significant. Administration of thyroxine prevents the rise 
in pseudocholinesterase which is induced by thiouracil treatment. 

The level of plasma true cholinesterase is not affected by the above 
procedures. 

The significance of these findings is briefly discussed. 
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THE INHIBITORY ACTION OF EXCESSIVE 
IODIDE UPON THE SYNTHESIS OF 
DITODOTYROSINE AND OF THY- 
ROXINE IN THE THYROID 
GLAND OF THE NORMAL 
RAT" 


J. WOLFF anp I. L. CHAIKOFF 
From the Division of Physiology of the University of California Medical School 
BERKELEY 


BorH CHEMICAL (Harington, 1944, 1945; von Mutzenbecher, 
1939; Block, 1940, Reineke and Turner, 1942) and biochemical evi- 
dence (Perlman ef al., 1941; Morton et al., 1943; Taurog et al., 1947; 
Leblond, 1942) has shown that at least 2 steps are involved in the syn- 
thesis of thyroxine: 1) iodination of tyrosine to form diiodotyrosine 
and 2) coupling of 2 diiodotyrosine molecules to form thyroxine. 
While the exact nature of step 1 is not well understood, it is apparent 
that the iodide reaching the thyroid gland from the blood must be 
oxidized either to I, or to HIO before it can be incorporated into the 
phenolic group of tyrosine. The subsequent coupling of 2 diiodo- 
tyrosine molecules is believed by both Harington (1945) and Johnson 
and Tewkesbury (1942) to be an oxidative reaction in which the oxi- 
dized form of iodide (I, or HIO) plays a significant role. 

In a recent communication (Wolff and Chaikoff, 1948a, 1948b) it 
was demonstrated that the administration of relatively large doses of 
inorganic iodide to normal rats blocked the formation of organic io- 
dine in the thyroid gland. This block was related to the level of plasma 
iodine. So long as the level of plasma iodine remained above 20-35 
gamma per cent, no appreciable conversion of inorganic iodide to 
organic forms occurred in the gland (Wolff and Chaikoff, 1948c). In 
keeping with the considerationspresented above, excessive iodide could 
thus exert its inhibitory effect by blocking 1) the iodination of tyro- 
sine and/or 2) the coupling mechanism involved in the formation of 
thyroxine from diiodotyrosine. These possibilities are examined in the 
present communication. 





EXPERIMENTAL 


Male rats of the Long-Evans strain, weighing 170-240 gms., were 
used throughout. Their mean body and thyroid weights are recorded 
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in Table 1. They were fed a diet containing 0.3y iodine per gm. This 
diet consisted of 68.5 per cent wheat, 5 per cent casein, 10 per cent 
fish meal, 10 per cent alfalfa, 1.5 per cent sodium chloride, and 5 per 
cent sardilene (a fish oil that supplied vitamins A and D). 

Amounts of iodide as KI labeled with I'* varying from 5 to 100y 
were injected intraperitoneally (Tables 2 and 3). The rats of each 
experiment were sacrificed at single interval. In experiments 2, 5, 
and 6, this interval was 4 hours; in experiment 1, it was 4.6 hours. 


TABLE 1. BoDY WEIGHTS AND THYROID WEIGHTS OF RATS 





Number Body Thyroid 





Experiment of rats | weights weights 
| gm. mg. 
1 9 214+19* 21+0.3* 
2 10 188+9 17+0.2 
5 10 174+8 17+0.2 
6 22+0.3 


13 Wey fe oe f 


* Standard devation. 


The animals were anesthetized with sodium pentobarbital (20. mg. 
per rat) and then exsanguinated. The thyroid glands were rapidly 
excised, weighed, and immediately thereafter transferred to 1 cc. of 
cold 10 per cent trichloroacetic acid (T.C.A.). The inorganic (T.C.A.- 
soluble) fraction was separated as previously described (Wolff and 
Chaikoff, 1948b), and discarded. The organic fraction (T.C.A.-in- 
soluble) was separated into diiodotyrosine-like and thyroxine-like 
fractions by the method described elsewhere (Taurog and Chaikoff, 
1946a). 


RESULTS AND DISCUSSION 


In each experiment (Table 2) the amounts of I'?’ injected were 
chosen so that for the duration of the experiment (i.e., 4 or 4.6 hours) 
the concentration of plasma iodine remained well above or well below 
the critical level previously shown to produce inhibition of organic 
binding of iodine in the gland (Wolff and Chaikoff, 1948b). The non- 
inhibitory doses were either 5y (experiments 1 and 2) or 10y of [’ 
(experiments 5 and 6), whereas 50 or 100y were injected to obtain 
inhibition. The diiodotyrosine and thyroxine (I'*’) contents of the 
thyroid gland, as well as the percentages of the injected I'*! recovered 
in these 2 fractions, are recorded in Table.2. 


1. Calculation of Newly Synthesized Diiodotyrosine 


Since both plasma and thyroid glands of the rats fed our low- 
iodine diet contained negligible amounts of inorganic iodide before 
the injections were made (‘laurog and Chaikoff, 1946b, 1947), and 
furthermore since the amounts of I- injected were large with respect 
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TABLE 2, D1l0DOTYROSINE-LIKE, AND THYROXINE-LIKE FRACTIONS FOUND IN THYROIDS 
OF RATS INJECTED WITH VARIOUS AMOUNTS OF LABELED IODIDE 




















} eye 
. ss . , acted 
<1 - ee 
Expt injected == ee a wy ws 
| peers | Thyroxine aaa, Thyroxine 
Y Y ¥ 
} 7.2 2.8 14.9 7.3 
6.8 2.9 12.8 4.9 
5 7.3 3.0 14.1 8.2 
6.8 2.7 8.7 3.2 
5.5 ys 8.9 4.5 
1* 
| §.1 3.7 0.16 0.019 
100 8.5 3.1 0.11 0.018 
6.8 2.7 0.18 0.029 
5.5 2.0 0.12 0.011 
5.4 2.4 7.1 2.7 
3.9 i 10.5 2.2 
5 6.6 2.7 11.1 2.6 
5.6 2.4 8.1 ye | 
5.9 Be ee} 2.5 
2t 
3.3 1.3 0.095 0.013 
3.2 1.3 0.045 0.007 
100 3.8 1.5 0.057 0.009 
7.0 2.9 0.048 0.008 
| 4.8 2.4 0.085 0.014 
| 2.8 1.0 5.4 2.2 
4.3 2.0 8.1 3.3 
10 5.4 2.8 11.4 4.5 
3.9 1.8 6.7 2.0 
6.6 2.4 11.8 4.0 
bt 
3.¢ 1.5 0.15 0.027 
3.2 1.3 0.061 0.013 
100 4.3 1.5 0.054 0.010 
3.5 1.8 0.041 0.007 
3.4 1.6 0.033 0.006 
3.0 1.5 8.5 3.2 
4.9 1.8 MZ 4.5 
10 7.1 2.8 15.7 5.8 
2.8 1.5 Pe 2.6 
5.6 2.5 11.3 4.4 
3.2 2.0 6.2 1.6 
6t 50 3.4 1.8 2.5 0.48 
‘ 4.0 yf 1.2 0.28 
3.1 1.5 0.82 | 0.24 
2.6 1.2 0.14 | 0.020 
100 4.9 2.4 0.088 | 0.014 
2.8 1.3 0.13 | 0.019 
3.6 1.5 0.096 | 0.012 


| 

* The rats of these experiments were sacrificed at 4.6 hours after the injection of 
labeled iodide. 

{ The rats of these experiments were sacrificed 4 hours after the injection of labeled 


iodide. 











as 


177 





September, 1948 IODIDE AND THYROID 


to the amount of I- turned over during the 4-hour period of observa- 
tion,” we are safe in assuming that the specific activity of the plasma 
inorganic iodide throughout the 4-hour period of observation remained 
the same as that of the injected sample. We have therefore calculated 
the absolute amounts of iodide converted to diiodotyrosine in the 
gland during the 4 hours by multiplying the fraction of the injected 


TABLE 3. AVERAGE VALUES* FOR 1) THE AMOUNT OF INJECTED I'?7 CONVERTED 
TO DILODOTYROSINE AND 2) THE SPECIFIC ACTIVITIES OF 
DIIODOTYROSINE AND THYROXINE 


Injected [!?7 








S.A.f of 











a S.A. thyroxine I 
Expt Iodide converted diiodo- Pe vsienalt oa Sanita - 
~ injected to diiodo- tyrosine de lin ‘ S.A. diiodo- 
tyrosine iodine ear tyrosine I 
‘5 0.60 1.8 2.1 1.2 
100 0.14 0.022 0.007 0.32 
2 5 0.45 Re 1.0 0.59 
100 0.062 0.017 0.003 0.18 
5 10 0.87 1.9 Pe 0.90 
100 0.068 0.019 0.008 0.42 
6 10 3 2.4 2.1 0.88 
50 0.77 0.80 0.35 0.44 
100 0.10 0.036 0.011 0.33 


* Each value is the average of 4 or 5 results obtained from as many rats (see Table 2) 
t Specific activity refers to the percentage of the injected ['*' per unit weight of 
chemically measured iodine (I'?7), 


radioactivity recovered in the diiodotyrosine-like fraction of the 
gland by the gamma of I'*’ injected. For example, in experiment 2 
(Tables 2 and 3), 9 per cent of the injected I'*! was recovered in the 
diiodotyrosine fraction of the gland of the rats that were injected 
with 5y of I'?7; hence 0.095 or 0.457 of the injected I'?’ had been 
incorporated into diiodotyrosine in the gland. 

In Table 3 are recorded the average values obtained as described 
above for the diiodotyrosine synthesized by the thyroid glands of rats 
that were injected with either 5, 10, 50, or 100y of ['?’ as KI. It is 
clear that in each experiment the gland synthesized far more diiodo- 
tyrosine when 5 or 10y of I'?’ were injected than when 10 to 20 times 
these amounts of I'?? were administered. These results therefore pro- 
vide convincing evidence that excessive iodide exerts its inhibitory 
effects upon the reaction leading to the iodination of the phenolic 
group of tyrosine. This is in agreement with the in vitro observations 
of Morton et al. (1944) on surviving sheep-thyroid slices and with 


2 Since the di:t contained 0.3y of iodine per gram, only negligible amounts of iodine 
could have been vbsorbed during the period of study. The rats were not fed during this 
period. 
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those of Li (1942), who showed from kinetic considerations that in- 
organic iodide inhibits the iodination of tyrosine in the test tube. 


2. The Effect of Various Amounts of Injected Iodide Upon the Con- 
version of Diiodotyrosine to Thyroxine in the Thyroid Gland 


The calculation made above for the injected I! converted to 
diiodotyrosine during the 4-hour period of observation is valid only 
because the injected inorganic iodide is not appreciably diluted by the 
amounts of inorganic iodide present in the gland and plasma before 
the injection. The calculation for the amount of thyroxine synthesized 
is complicated by the fact that the newly formed diiodotyrosine mixes 
with a large amount of diiodotyrosine already present in the gland. 
For example, in experiment 1 the 0.67 of newly formed diiodotyrosine 
(i.e., during the 4 hours after the injection of labe!ed iodide) was 
diluted appreciably by the diiodotyrosine (Table 2). Hence a calcula- 
tion similar to that described in the preceding section for the amount 
of injected labeled I?’ converted to thyroxine in the gland would be 
meaningless as a measure of the total amount of thyroxine formed 
from diiodotyrosine during the interval studied. In other words, a 
calculation for the amount of injected I'*’ converted to thyroxine 
would provide a minimal value for the amount of diiodotyrosine con- 
verted to thyroxine, because it does not take into account the dilution 
of the newly formed diiodotyrosine by the diiodotyrosine already 
present in the gland. 

Hevesy (1938) has pointed out that the ratio, 


specific activity of compound A 


specific activity of the precursor of compound A 


can be used to compare the turnover of compound A in a single tissue 
under 2 different conditions. Many factors may influence the specific 
activity of the compound or that of its precursor, but the ratio of 
their specific activities is independent of changes in permeability, dis- 
tribution of the labeling agent, etc., and varies only with the turnover 
rate of compound A. A recent application of the use of relative specific 
activities as an index of turnover was made by Zilversmit et al. (1948). 
We have made use of relative specific activities 

Satie, eS ee _ 

specific activity of diiodotyrosine 
to compare the conversion of diiodotyrosine to thyroxine under the 2 
experimental conditions studied here, namely high- and low-iodide 
injections. The values for the ratios are recorded in Table 3. If the 
rate of conversion of diiodotyrosine to thyroxine had remained the 
same under both conditions, then this ratio would also have remained 
the same in the presence of low- and high-iodine injections. Table 3 
shows, however, that a 2-to-4-fold decrease in the ratio occurred when 
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the amount of I?’ was increased from 5 or 10y to 100y. This indicates 
that the conversion of diiodotyrosine to thyroxine was considerably 
slower after the injection of the high amounts of iodine. Whether this 
is due to a specific action of the excess iodide on this step or whether 
the interference in the conversion of diiodotyrosine to thyroxine 
results simply from the smaller amounts of diiodotyrosine formed 
can not be stated with certainty. 
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SUMMARY 


The effects of the introduction of excessive amounts of inorganic 
iodide upon 1) the incorporation of iodide into diiodotyrosine and 
2) the conversion of diiodotyrosine to thyroxine in the thyroid gland 
were investigated with the aid of I'*!. 

Since the amounts of inorganic iodide injected were large with 
respect to those present in the gland and plasma before the injection, 
it was possible to calculate the amounts of newly formed diiodotyro- 
sine in the gland from the proportions of the injected I'** incorporated 
into this fraction. Far more diiodotyrosine was synthesized by the 
rat thyroid when 5 or 10y of iodide were injected than when 10 or 20 
times these amounts were administered. 

In order to compare the conversion of diiodotyrosine to thyroxine 
in rats that received high- and low-iodide injections, use was made of 
the ratio of the specific activity of thyroxine to that of its precursor, 
namely diiodotyrosine. A 2-to-4-fold decrease in this ratio was ob- 
served when the amount of I- injected was increased from 5 or 107 
to 100y. This indicates that the conversion of diiodotyrosine to thy- 
roxine was considerably slower when the higher amounts of iodine 
were injected. 
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THE NATURE OF THE ANEMIA OF 
PREGNANCY IN THE RAT" 
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ALTHOUGH the anemia of pregnancy in the rat was once thought 
to be attributed to nutritional deficiencies, some experiments (Mitchell 
and Miller, 1931; Beard and Myers, 1933; Van Donk, Feldmen and 
Steenbock, 1934) demonstrated the inadequacy of dietary supple- 
ments in the prevention of this condition. The importance of the 
placenta in the development and maintenance of pregnancy anemia 
in the rat was demonstrated and the possibility of an endocrine 
basis for the anemia was suggested (Newcomer, 1947). In none of 
these experiments was the exact nature of the anemia described, al- 
though hemodilution was suggested because erythrocyte changes 
paralleled hemoglobin changes. In this investigation the nature of 
absolute and relative changes in some of the blood constituents 
during pregnancy in the rat was determined. Studies were made on 
the number of erythrocytes, hemoglobin concentration, hematocrit, 
whole blood and plasma specific gravities, and blood volume at three 
stages of pregnancy in rats. 


MATERIALS AND METHODS 


Long-Evans adult, nulliparous, female rats weighing 169-341 grams 
were used. Pregnancies were dated from the first day spermatozoa were 
observed in vaginal smears taken before 9 A.M. 

Blood samples of 0.2 or 0.5 ce. were obtained from the heart while keep- 
ing the rats under light ether anesthesia and using heparin to prevent clot- 
ting. The determinations were made in the following order from the 0.5 ce. 
sample: erythrocyte count, whole blood specific gravity, hematocrit, and 
hemoglobin concentration. The remaining blood sample was centrifuged for 
30 minutes under a relative centrifugal force (R.C.F.) of 1065, and the 
specific gravity of the plasma was determined. All specific gravity measure- 
ments were made in duplicate using the LaMotte Falling Drop Densiometer. 
Erythrocyte counts were made with a Spencer Bright-Line Haemacytom- 
eter and hemoglobin concentrations were measured by the acid hematin 
method using a Fisher Electro-Hemometer. Color indices were calculated 
according to the formula: 


gm. Hb/100cc. experimental rat blood 
gm. Hb/100ce. normal rat blood 


Received for publication June 23, 1948. 
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experimental RBC count 
normal RBC count 





divided by 
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(Magner, 1938). Hematocrit readings were made in Van Allen tubes after 
centrifugation (R.C.F. of 1065) for 30 minutes. 

Blood volumes were determined according to a slight modification of the 
method of Griffith and Campbell (1937). To standardize the dye, a saturated 
stock solution (5%) of vital red (Trypan red) dye was prepared using 0.9% 
saline. The solution was filtered and a series of dilutions from 1:1000 to 
1:10,000 was prepared. The color intensities were read in a Klett-Summerson 
photoelectric colorimeter using a 540my filter. When colorimeter scale read- 
ings (ordinates) were plotted against the reciprocals of the dilutions (ab- 
scissas), a straight line was obtained. The standardization of the stock solu- 
tion was carried out in triplicate over a range of 9 different dilutions. 

In making a blood volume determination, 0.36 cc. of the stock solution 
were injected intravenously into an ether-anesthetized rat. After 4.5 min- 
utes, 0.2 ce. of blood were removed from the heart, added to 11.8 ec. of 
saline, and centrifuged (R.C.F. of 1065) for 20 minutes. The intensity of the 
resulting pink solution was determined in the colorimeter. Since the dilution 
of the sample is equal to 1:60 and that of the dye is equal to 0.36 ec./blood 
volume, the total dilution of the dye is the product of the dilution of the 
sample times the dilution in the blood. Total dilution, therefore, is equal to 
blood volume times 60/0.36, or blood volume is equal to 0.006 times the 
total dilution. The reciprocal of the total dilution was read on the standard 
curve, and the blood volume equaled 0.006/abscissa reading. Since 0.36 ce. 
of dye was injected, this amount may be subtracted from the calculated 
volume to correct for the volume of dye added to the blood. 

Statistical significances of the data were calculated according to f- 
methods as described in Snedecor (1946; chapters 2 and 4). 

All measurements with the exception of blood volume were recorded on 
the Ist, 13th, and 21st days of pregnancy in one group of rats. In order to 
reduce any possible effect on hemopoiesis resulting from the sampling of 
blood, a second group of rats was studied on the Ist and 22nd days of preg- 
nancy (also 2nd day post-partum) and only 0.2 cc. of blood were removed 
each time. In this group, determinations were made only on erythrocyte 
count and hemoglobin concentration. In a third group, blood volumes were 
measured on the Ist and 22nd days of pregnancy in some of the rats and on 
the Ist and 14th days of pregnancy and on the 2nd day post-partum in 
others. Control observations were made on non-bred females in each of the 
three groups. In the controls of the first group, however, only plasma specific 
gravities were determined. 


OBSERVATIONS AND RESULTS 


The decrease in the erythrocyte number and hemoglobin con- 
centration during normal pregnancy (Tables 1 and 2) agreed with the 
results of other experiments (Van Donk, Feldman and Steenbock, 
1934; Newcomer, 1947). Color index calculations demonstrated the 
parallel nature of the changes in erythrocyte count and hemoglobin 
concentration. Although there was a significant increase in the color 
index in the rats of the first group, all values remained within the 
limits of normal human blood which are 0.85—1.15 (Beck, 1938). 

The hematocrit readings were lower by the 13th day, but only 
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significantly so by the 21st day of pregnancy (Table 1). 

There was a significant decrease in whole blood specific gravity 
during the latter half of pregnancy, but more important, a significant 
decrease in plasma specific gravity (Table 1). To determine if any 
change in plasma specific gravity would occur in a group of non-bred 
animals, 6 nulliparous females were studied. The mean specific gravity 
was 1.0272+0.0007 on the Ist day and 1.0270+0.0003 on the 13th 


TABLE 1. OBSERVATIONS ON THE BLOOD OF FEMALE RATS AT 
THREE STAGES OF PREGNANCY 


Ist day 13th-14th day 


21st-22nd day’ 








Body weight (gm.) 200 + 8? 230 +8 261 +9 





Erythrocytes 8.84+0.21 8.04+0.15 7.62+0.19 
(million/emm. ) 





Hemoglobin 14.2+0.2 13.8+0.4 13.2+0.2 
(gm./100 ce.) 
























Color index 0 .99+0.02 1.05+0.02 1.07 +0.02 


Hematocrit (%) 42.9+1.3 40.0+1.2 38.6+40.6 


Specific gravity whole 1.0573 +0 .0004 1.0566 +0 .0007 1.0541 +0 .0003 
blood 


Specific gravity plasma 1.0280+0.0004 1.0284 +0 .0004 1.0266 +0 .0004 





Blood volume? (cc.) 17.34+40.55 20.99 + 1.09 (5) 24.45+0.72 
BV/100 gm. body wt. 


8.2 8.0 8.2 





1 Values of P for the determinations at the 21st-22nd day stage are less than .01 
except for color index and plasma specific gravity where P =.02. 

2 Mean value and standard error; each figure represents determinations on 9 ani- 
mals except where the number appears in parentheses. 

3’ Blood volume from rats of Group 3 in which only blood volumes were determined. 
The average body weights on days 1, 14, and 22 of pregnancy were 212 +6, 260 +6 and 
299 +8 gm. respectively. 


day. On the 21st day it had risen to 1.0297+0.0003, a significant 
increase over the previous values (P less than .01). At no other time 
in these experiments were specific gravities of this high magnitude 
recorded. In view of this increase in specific gravity obtained in non- 
bred rats, another group of 6 rats was studied in which samples were 
taken on the Ist, 15th and 29th days. The mean values were 
1.0272 +0.0004, 1.0275+0.0001 and 1.0285+0.0004 respectively. 
This increase was not statistically significant (P between .1 and .05). 

Studies revealed a marked increase in blood volume during preg- 
nancy, but no increase was apparent when the results were calculated 
on the basis of the increased body weight (Table 1). The blood volume 
of 11 control females averaging 222 + 11 gm. in weight was 17.23 +0.76 
cc. on the Ist day. After 21 days the mean body weight increased to 
243+8 gm. and the blood volume increased to 18.39+0.90 ec. The 
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ratio of blood volume to body weight remained the same on the Ist 
and 22nd days (7.8 cc./100 gm. and 7.6 cc./100 gm.). The increase in 
blood volume due to pregnancy was 6 times greater than the increase 
in the non-bred controls. 

When the mean total number of erythrocytes and grams of 
hemoglobin within the animal were calculated, the results showed an 


TABLE 2. OBSERVATIONS ON THE BLOOD OF FEMALE RATS AT TWO STAGES 
OF PREGNANCY AND 2ND DAY POST-PARTUM (GROUP 2) 











mr _ 2nd day 
Ist day 22nd day! post-partum 
Body weight (gm.) 
pregnant rats 248 +9? 351 +10 294+8 
non-bred controls 208 +18 231 +15 — 
Erythrocytes (million/emm.) 
pregnant rats 8.83 +0.16 7.25 +0.30 7.32 +0.53 
non-bred controls 8.13 +0.22 8.22 +0.32 — 
Hemoglobin (gm. /100 cc.) 
pregnant rats 14.4+0.2 12.2+0.3 12.220:7 
non-bred controls 13.9+0.2 13.7+0.2 —_ 
Color index 
pregnant rats 1.01+0.02 1.04 +0.03 1.03 +0.05 
non-bred controls 1.05 +0.02 1.03 +0.02 —- 
Blood volume? (cc.) 
pregnant rats _— — 23 .36+1.36 


BV/100 gm. body weight — —_— 8.1 





1 Values of P for erythrocyte and hemoglobin determinations in the pregnant ani- 
mals on the 22nd day are less than .01. The color index was not significantly increased 
(P greater than .5). No significant changes in control determinations. 

2 Mean value and standard error; each figure represents determinations on 4 or 
more animals. 

3 Blcod volumes determined on rats from colony and Group 3. The average body 
weight was 286 +12 gm. 


actual increase in these constituents during pregnancy. Furthermore, 
the increase was 2-3 times greater than that observed in non-bred 
females over a similar period (Table 3). 

A few observations on the condition of the blood on the 2nd day 
post-partum were made. The mean erythrocyte and hemoglobin 
values showed little change from the mean values on the 22nd day of 
pregnancy, but large individual variations were encountered (‘Table 
2). The blood volume bore the same relationship to the body weight 
as had been observed in the other experiments. The calculated total 
amount of hemoglobin and erythrocytes was less than on the 22nd 
day of pregnancy and slightly less than on the Ist day (Table 3). No 
attempt was made to determine the loss of blood at parturition which 
might influence the general blood picture at this time. 
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TABLE 3. CALCULATED MEAN TOTAL NUMBER OF ERYTHROCYTES AND 
GRAMS OF HEMOGLOBIN IN FEMALE RATS AT THREE STAGES 
OF PREGNANCY AND 2ND DAY POST-PARTUM 





Ist day 13th-l4th  21st-22nd 2nd day 





day day post-partum 
Group 1 
Pregnant rats 
Total RBC! 14.5 X10! 14.9X10! 16.3 X10!° 
Total Hb! 2.32 2.54 2.80 
Group 2 
Pregnant rats 
Total RBC 18.0 X10!" - 20.8 X 10'° 17.410!" 
Total Hb 2.93 3.51 2.90 
Non-bred controls 
Total RBC 14.0 X10" - 15.1 X10! - 
Total Hb 2.40 - 2.52 — 


. etme in body oalaben heteenie groups of rats in alias anthaeests and 
hemoglobin determinations were made and groups in which blood volumes were re- 
corded were adjusted through use of the blood volume/body weight ratio 


DISCUSSION 

From the experiments reported here, it seems that the anemia of 
pregnancy in the rat is the result of hemodilution. The basic evidence 
for this was (1) the decrease in plasma specific gravity and (2) the 
increase in blood volume which remained constant relative to body 
weight. The ordinary methods of determining anemia from erythro- 
cyte count and hemoglobin concentration do not indicate the nature 
of this anemia. 

When plasma specific gravity determinations were made on 
nulliparous rats, there was an increase at the same time the pregnant 
animals showed a decrease. Whatever the cause of the increase in 
plasma specific gravity in the non-bred animals, it would seem likely 
that a similar mechanism would work in the pregnant rats. The de- 
crease in plasma specific gravity during pregnancy occurred in spite 
of any such mechanism. 

Although blood volume increased in the rat during pregnancy, it 
remained constant on the basis of 100 gm. of body weight. This was 
also true in the non-bred controls in which the weight gain was not 
as great. It has been shown that the body weight of the pregnant 
rat, not including the weight of the growing conceptus, increased more 
rapidly than normal (Newton, 1935), yet in these experiments the 
blood volume change paralleled the change in total weight of which 
most was contributed by the increase in the uterus and its contents. 

The post-partum studies, although few in number, showed that 
there was a rapid loss in blood volume after parturition. There was, 
however, no appreciably change in erythrocyte and hemoglobin levels 
from those of the 22nd day of pregnancy. Since no measurement of 
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the loss of blood in parturition was made, it was difficult to interpret 
the post-partum changes in the blood. 

When calculations were made on the change in the total quantity 
of erythrocytes and hemoglobin from the Ist to the 22nd day of 
pregnancy, it was observed that an absolute increase in the number of 
cells and the amount of hemoglobin occurred. The anemia of preg- 
nancy is more apparent than real. It would appear that during the 
gestation period an increase in both cells and blood volume occurred, 
but the blood volume increased to a greater degree. 

The nature of the anemia of pregnancy in the rat corresponds in 
many respects to the type in the human classified as ‘‘physiologic”’ 
(for review of recent literature see Bethell, Sturgis, Rundles and 
Myers, 1945). A physiological basis for the development of a hydremia 
in the human during the gestation period was presented by Dieck- 
mann and Wegner (1934), and it seems probable that their explana- 
tion might be extended to cover the rat. They believe that during 
pregnancy there is a rapid expansion in the area of the circulatory bed 
and fluid must be added to the blood to maintain an adequate circula- 
tory volume. This larger volume of blood has a lower specific gravity 
and, hence, a lower viscosity. The lowering of the viscosity of the 
blood reduces the burden on the heart resulting from the increase 
in the circulatory volume. Thus, the fundamental process is a shift 
in water balance to protect the heart. 


SUMMARY 


Studies were made on the erythrocyte count, hemoglobin con- 
centration, hematocrit, whole blood and plasma specific gravities, and 
blood volume of rats at three stages of pregnancy and on the 2nd 
day post-partum. It was observed that a significant decrease in whole 
blood and plasma specific gravities occurred in the pregnant rats, 
but an increase in plasma specific gravity occurred in the non-bred 
controls. The total blood volume increased during pregnancy, but the 
ratio of total blood volume to body weight remained constant. In the 
non-bred controls, the body weight and blood volume increased only 
to a slight extent and the blood volume/body weight ratio remained 
constant. Calculations of total circulating erythrocytes and hemo- 
globin in pregnant rats indicated that in both of these elements a 
sharp rise occurred which was proportionally greater than in the non- 
bred controls. From this evidence, it appears that the anemia of 
pregnancy in the rat is due to hemodilution in which blood volume 
increases proportionally faster than the erythrocyte number. 
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NOTES AND COMMENTS 


HISTOLOGICAL EFFECT OF THIOURACIL ON 
THE FETAL THYROID OF THE MOUSE! 


THE PURPOSE of this work was to ascertain the time at which the fetal 
thyroid of the mouse begins secretory activity, and to determine the effect 
of thiouracil upon the growth and development of the fetal thyroid. 

Up to the present time, no study has been undertaken to determine 
when the fetal thyroid of the mouse begins to function. With the discovery 
of goitrogenic substances which are known to inhibit thyroxine secretion, 
it seemed of interest to determine to what extent the fetal thyroid of the 
mouse might be influenced by the administration of a goitrogenic chemical 
such as thiouracil (Astwood, 1943; MacKenzie & MacKenzie, 1943; Frank- 
lin, Lerner, & Chaikoff, 1944.) 


EXPERIMENTAL PROCEDURE 


Thiouracil? was administered in the feed (0.2%) to pregnant female 
mice from the time of conception to the time of sacrifice. These females 
were sacrificed daily along with controls from the twelfth day of pregnancy 
until the time of parturition. After sacrifice, the thyroids were fixed in 
Bouin’s solution and imbedded in paraffin. They were then sectioned at five 
to six microns and stained with hematoxylin-eosin. The fetuses were taken 
from the uteri of the mothers, and their tracheae with thyroids attached were 
removed. The above fixing and staining technique was again employed. 

In an effort to obtain timed embryos, the following procedure was used: 
The males were put in with the females at about ten p.m., and were removed 
at approximately eight a.m. the following morning. Vaginal plugs in the 
females were used as an indication of copulatory activity during the night. 
The females were sacrificed at about eight A.m., and the age of the fetus was 
calculated from eight in the morning. That is, the embryo was considered to 
be one day old 24 hours after the males were removed. The majority of the 
females gave birth between 203 and 21 days after mating. 


RESULTS 


The thyroids of the mothers kept on the control ration were normal in 
appearance. They contained well defined follicles whose epitheliel cells were 
of normal cuboidal shape. The lumina of the follicles contained deeply stain- 
ing colloid. In contrast to this, the thyroids of the females fed thiouracil 
showed ill-defined follicles. The cuboidal cells had increased in size and had 
become columnar. No colloid could be found in the follicles. Macroscopi- 
cally, the glands were much enlarged and weighed from four to five times as 
much as the glands of the females on the normal ration. 
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Examination of the normal fetal thyroids histologically showed slight 
follicle and colloid formation at the sixteenth day. More colloid and clearly 
defined follicles became apparent as the fetuses progressed toward term. 
The greatest amount appeared in those fetuses that were sacrificed imme- 
diately after parturition. 

Examination of the fetal thyroids of the experimental group failed to re- 
veal any colloid. The follicles were not at all clearly defined, as the cells 
were arranged in a rather haphazard manner. These cells were slightly en- 
larged. As the fetuses approached term, still no colloid could be seen in the 
follicles and their general appearance resembled that of the maternal thy- 
roid of an animal fed thiouracil. This was also true of the experimental mice 
that were sacrificed immediately after birth. 

From these observations it was concluded that when the mouse fetus is 
subjected to the influence of thiouracil, thyroid follicles and colloid formation 
is suppressed. 

DISCUSSION 


These data on the development of the mouse thyroid indicate that fol- 
licle formation occurs on the 16th day. This agrees with the observations of 
Hall & Kaan (1942) in the rat, but is somewhat earlier than that reported 
by Gorbman & Evans (1941) and Kull (1926). It would appear that 
the time of thyroid development in the two species is approximately the 
same. 

Moody (1910) reported that colloid is found in the pig’s thyroid early 
in embryonic life, when the fetus is only 45 mm. long. Follicles do not appear 
until the embryo is 70 mm. long, that is at approximately 50-55 days of age. 

Fenger (1912) stated that the active thyroid principle is present in the 
thyroid of fetal calves 6-12 weeks of age. 

In an earlier report, Fenger (1912) determined iodine in the thyroid of 
fetal sheep 2-4 months of age. He believed that the thyroids were active at 
that time. 

Abbott and Pendergast (1937) reported that follicles were found as early 
as the second month of intrauterine life in calves. 

Our work confirms the previous reports by Hughes (1944) Schultze and 
Turner (1945), and Goldsmith, Gordon, & Charipper (1945) that thiouracil 
fed to mothers will cause an enlargement of the fetal thyroids. The mechan- 
ism by which thiouracil affects the fetal thyroid would involve the passage 
of either thiouracil or thyrotrophic hormone or a combination of the two 
across the placenta. 

The work of Friesleben and Kjerulf-Jensen (1946) indicates that in the 
rat thiouracil will pass across the placenta. 

Tobin (1941) found that the fetal thyroids of rats were not stimulated 
by thyrotrophin injected into the mother. He concluded that thyrotrophin 
does not pass through the placenta as it is a very large protein molecule. 
This suggests that the fetal pituitary of mice may begin the secretion of the 
thyrotorphin on or before the 16th day. 

Schultze and Turner (1945) reported that thyroids of fetal goats past 
mid-term of intruaterine life were greatly enlarged when the mothers were 
treated with thiouracil or thiourea. Prior to mid-term thiouracil had no effect 
on the fetal thyroid. 
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SUMMARY 


Evidence has been presented which indicates that in the mouse thyroid 
follicle and colloid formation begin on the 16th day of fetal life. 

Feeding 0.2% thiouracil in the feed of the mother was observed to inhibit 
the formation of thyroid follicles and depressed colloid formation in the 
fetus. 

It is believed that this effect is due to the passage of thiouracil through 
the placenta. 

G. KAurrMan, V. Hurst anp C. W. TurNER 


From the Department of Dairy Husbandry 
University of Missouri 
Columbia, Missouri 
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THE IMPORTANCE OF TYPE OF ZINC USED IN Zy- 
HCl HYDROLYSIS OF URINE 


In 1937 it was reported that boiling of urine under a reflux for 3 hours 
with 4 gm. % of zine dust and 15 volumes % of concentrated HCl resulted in 
a marked increase in the yield of benzene or ether soluble estrogens over 
that acquired by the optimum conditions of simple acid hydrolysis (10 min- 
utes with 15 vol. % of HCl). Although it was demonstrated that conversion 
of estrone into a more active estrogen contributed to this increase in potency 
and that more complete hydrolysis with less destruction might also account 
for a part of it in certain urines, further investigation revealed that the 
greatest relative increases were from urines in which neither of these factors 
could play any significant part. From these studies together with the results 
acquired from comparing the total activity after Zn-HCl hydrolysis (Tzn) 
with the sum of the separated estrogens after simple HCl hydrolysis (To) 
in women under various physiological, pathological and experimental con- 
ditions, it was concluded that the major source of this additional estrogenic 
activity was some estrogenically inactive oxidation product of the estrogens 
that was rendered estrogenic by Zn-HCl hydrolysis. The additional potency 
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after Zn-HCl hydrolysis, therefore, that is not accounted for by estrogens 
excreted as such has been interpreted in this laboratory as providing a gauge 
of the rate of oxidative inactivation of estrogens within the body. 

It has been reported to us, however, that other investigators have been 
unable to get consistent results from Zn-HCl hydrolysis and the clue to their 
failure has only recently been revealed to us. When the effect of Zn-HCl 
hydrolysis was first observed we were using a preparation of powdered zinc 
put out by Merck and labeled “technical.”” When this was used up we had 
some trouble getting another batch that had the same effect, but finally 
found that Merck’s Zn dust, Reagent, was satisfactory and procured a large 
batch of this that lasted until December, 1946. A new batch procured from 
Merck at this time, although bearing the same label, gave inconsistent and 
confusing results. During the process of refluxing with Zn and HCl, in the 
specified proportions, the urine should become practically colorless and 
clear with a large “glob” of zine floating through the solution and with 
profuse evolution of hydrogen throughout the 3 hour period. At the end of 
the 3 hour period of refluxing neither the zine nor the acid should be used 
up, there being plenty of unchanged zinc left and the titratable acidity 


TABLE 1 





1 Total activity after various Zn-HCl hydrolyses r.v./24 hrs. 
Total activity {|— ; 


























Specimen | after simple HCl Merck's reagent Zn-dust Mallinckrodt Zn-dust, A.R. 
No. hydrolysis $$ — 
(15 vol.%) | 4gm.% More Z More Zn 4am. % Zn+15 Vol. % HCl 
R.U./24° Zn +15 vol. oud m +HCl ee 
| % HCI added added #8680 S.H.G. | #8681 
1 (urine) | 92 | 140 380 | 
2 (urine) | 55 | 132 220 | 
3 (urine) | 230 | 480 1,000 2,000 2,000 
4 (urine) | 250 670 670 2,100 
5 (urine) | 490 | 300 1,000 } 2,000 | 
6 (urine) 27 ,000 | 13 ,000 20,000 27 ,000 40,000 | 40,000 | 40,000 
7 (urine) | 540 2,000 1,000 2,000 2,500 | 2,500 
8 (urine) | 470 | 1,000 2,000 | 2,800 | 
9 (urine) | 292 800 1,500 | 2,000 2,000 
10 (Estrone)* | 80 | 200 <100 | 400 | 500 500 














* 40 micrograms of crystalline estrone in 100 cc. concentrated phosphate buffer solution (see text). 


having been reduced from 1.5 N to approximately 1.3 N. With this 1946 
batch of Merck’s Zn dust (and with most other preparations since tried) 
the zine and/or the acid were used up after about 1 hour of refluxing, the 
urine turned yellow to red, depending upon the specimen, and either became 
cloudy with a thick emulsion or contained a white powder that settled out 
upon cooling. The addition of more acid would clear the solution and of 
more zinc would again decolorize it but, as shown in Table 1, neither of 
these procedures would correct the marked loss of estrogenic activity that 
was apparent when a good batch of zinc dust was finally acquired. We have 
tried adding zine oxide, iron powder and small amounts of mercury to the 
Merck Reagent Zn dust with no better results. 

We are indebted to Mr. N. D. Barry of the Mallinckrodt Chemical 
Works for providing us with several preparations of zinc, one of which was 
found to give the desired results, viz., Zn dust 8. H. G. (as it was labelled in 
the sample originally provided by him) or Mallinckrodt Zn dust, Analytical 
Reagent, #8681. As is seen in Table 1 another batch of Mallinckrodt Zinc 
dust, A. R., #8680, gave practically the same results but a slightly lower 
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yield in 3 urine specimens, all three of which turned yellow during hydrolysis 
with this batch but not with #8681. According to Mr. Barry the difference 
between batches lies in the method of processing, not in the chemical com- 
position or impurities. 

In the original publication it was reported that the estrogenic activity 
of crystalline estrone was increased 5 to 7 fold by Zn-HCl hydrolysis. As 
shown in Table 1, specimen 10, this provides an excellent test for the par- 
ticular zinc dust that is being used. The estrone must be in a buffer solution 
of high salt content (69 mg. Na H,. PO,-H.O plus 179 gm. Naz HPO,: 12 
H;.0 per liter) and in a concentration of no greater than 50 micrograms per 
100 cc. From our early observations we believe that estrone is converted 
into a mixture of @ and B estradiol. 

The use of this Zn-HCl hydrolysis is applicable to investigations in 
which the separated estrogens after simple HCl hydrolysis are also being 
studied. The increase that is not accountable to estrogens excreted as such 
and is presumably derived from estrogen oxidation products may be calcu- 
lated by subtracting from the Tzn value the sum of the activities of estrone 
X6 plus estradiol plus estriol. Despite the fact that these calculations intro- 
duce the possibility of considerable error, results so acquired have yielded 
information of considerable interest and apparent significance. 

O. Watkins Situ, Pu.D. 
Fearing Research Laboratory 
Free Hospital for Women 
Brookline, Mass. 
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ASSOCIATION AWARDS FOR 1949 


THE E. R. SQUIBB AND SONS AWARD 


The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941—Dr. Philip E. 
Smith; 1942—Dr. Fred C. Koch; 1943—no award was given; 1944—Dr. E. 
A. Doisy; 1945—Dr. E. C. Kendall; 1946—Dr. Carl G. Hartman; 1947— 
Drs. Carl F. and Gerty T. Cori; 1948—Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 


THE CIBA AWARD 


The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945—Dr. Jane A. Russel; 
1946—Dr. Martin M. Hoffman; 1947—Dr. Choh Hao Li; 1948—Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If within 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 


THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship will vary 
in accordance with the qualifications of the appointee, but will not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 


Each member has the privilege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinology and by a bibliography of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and returned to him not later than March 15, 1949. 
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ERRATUM NOTICE 


Inadvertently the figure below was 
omitted from Dr. Marlow’s article en- 
titled ‘‘16-Ketoestrone in the Kober 
Reaction’’ which appeared on page 
479 of the June issue of Endocrinol- 
ogy. 


ESTRONE (Alc) 
ESTRIOL (Alc) 
16-KETO ESTRONE (Alc) 
IG@- KETO ESTRONE (Eth) 








430 450 470 490 S510 530 550 590 
WAVE LENGTH IN M 
Fic. 1. Comparative absorption spectrum of Estrone, Estriol and 16-Ketoestrone. 





